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GENERAL METHOD AND THERMODYNAMIC TABLES FOR COMPUTATION OF EQUILIBRIUM
COMPOSITION AND TEMPERATURE OF CHEMICAL REACTIONS*

By VEarrn N. HurF, Saxrorp GorboN, and Viromwia E. MORRELL

SUMMARY

A rapidly convergent successive approximation Process is
described that simulianeously determines both composition and
temperature resuliing from e chemicel reaction. This method
s suiteble for use with any set of reactants over the complete
range of mixture ratios as long as the products of reaction are
ideal gases. An approrimate treatment of limited amounts of
liguids and solids is also included. This method is particularly
suited to problems having a large number of products of reaction
and to problems that require determination of such properties as
specific heat or velocity of sound of a dissociating mixture.

The method presented 1s applicable to a wide variety of prob-
lems that inelude (1) combustion at constant pressure or rolume;
and (2) isentropic expansion to an assigned pressure, tempera-
ture, or Mach number. Tables of thermodynamic functions
needed with this method are ineluded for 42 substances for con-
venience in numerical computations.

INTRODUGCTION

The theoretical performance of propulsion systems having
high combustion temperatures can be calculated on the as-
sumption that chemical equilibrium exists among the prod-
uects of reaction. The equilibrium ecomposition and the tem-
perature for & system of "V products of reaction are deter-

mined by the simultaneous solution of at least N+1 equa-

tions involving dissociation, mass balance, and energy or
entropy balance. This calculation becomes increasingly
difficult as &V increases.

Numerous methods for solving these equations may be
found in the literature that provide a successive approxima-
tion or trial-and-error process for determining the composi-
tion at an assumed temperature and pressure. Examples of
these methods are found in references 1 to 4. When it is
desired to find the temperature of a system in equilibrium,
with a parameter such as entropy or enthalpy assigned, the
composition is usually computed at a sequence of tempera-
tures that either converge to the correct temperature or are
spaced to permit interpolation to obtain the correct tem-
perature.

A rapidly convergent successive approximation process
that determines composition at an assigned temperature or
that simultaneously determines both composition and tem-
perature for assigned values of another parameter, such as
enthalpy or entropy, was developed at the NACA Lewis
laboratory during 1948 and is presented herein. This proc-

NACA TX 2113, “General Method for Computation of Equilibrinm Com 125%8{

1g
1950, an NACA TN 2161, ““Tables of Thermodynamie Funetfons for Analysis of Alrerafi-]

tion and Temperature of Chemical
pulsion Bystems” by Vear! N, Huff and Sanford Gordon, 1950,

ess also permits computation of the partial derivatives
required to compute such thermodynamic properties as
specific heat and velocity of sound corresponding to chemi-
cal equilibrium. The equations are derived that are re-
quired for solution of the following cases: (1) combustion at
constant pressure or volume; and (2) isentropic expansion
to an assigned pressure, temperature, or Mach number.
Examples are given for (1) constant-pressure adisbatic
combustion; (2) isentropic expansion to an assigned pres-
sure; and (3) isentropic expansion to an assigned Mach

" number.

This method is particularly suitable for problems having
a large number of products of reaction and for problems that
require determination of partial derivatives. Although it is
possible, at least in special cases, to devise a procedure that
involves less numerical computation, the method presented
is applicable in a wide variety of cases and its numerical
application to a given process is always simple and essen-
tially the same for all reactions.

Tables of thermodynamic functions are needed for com-
puting equilibrium compositions and temperature of chem-
ical reactions. Tables containing the functions specific heat
at constant pressure Cj, sensible enthalpy Hz;—H,, and
molar entropy Sz exist for at least part of the desired tem-
perature range for most of the substances of interest in the
analysis of aircraft-propulsion systems. Several special
functions are required for convenient use with the method
described herein; tables were therefore prepared, from Jan-
uary to June 1949, that contain, in addition to C;, Hr—H,,
and S?, assigned values of enthelpy H; and values of log K

Q
———I?f, (logarithm of equilibrium constant and enthalpy
change divided by gas constant times temperature, respec-
tively, for reaction of formation of a substance from its
elements in atomic gas state). -

The data selected from various sources or computed by
the NACA have been smoothed, interpolated to every 100°,
and extended to 6000° K. A high degree of self-consistency
has been maintained in the temperature range from 1000°
to 6000° K by computing from specific-heat data the values
of the other functions and retaining, in general, more decimal
places than eare significant. Interpolation formulas are
given that permit computation of self-consistent values for
all the functions at any temperature between 1000° and
6000° K.

and

Reactions” by Vea.rl N Huft and Virginfa E. Morrell,
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GENERAL METHOD

The thermodynamic state following a specific process,
such as combustion at constant pressure, can be determined
from an appropriate combination of the following equations:
(2) dissociative equilibrium; (b) conservation of mass;
(c)} conservation of energy; (d) pressure; and (e) entropy.
Equations (a) and (b) are used to specify chemical equilib-
rium and, when used with any two of the remaining equatmns
define a process.

The successive approximation procedure presented herein
for finding the simultaneous solution of a specific combination
of equations (a) to (e) consists of the following steps:

(1) Estimates of composition and temperature are made
and used in simple equations to compute the values of error
parameters, which indicate inconsistency among the estimates
of composition and temperaturs. (These estimates need
notbebased on previous experience; but for rapid convergence
it is desirable that they be close to the final values.)

(2) A set of linear simultaneous correction equations is
given that determine a new composmon a.nd 8 New tempera-
ture.

(8) The new composition is used to compute new values of _

the error parameters and step (2) is repeated until the desired
accuracy is obtained.

EQUATIONS FOR DISSOCIATION, MASS, PRESSURE, AND YVOLUME

The substances entering a reaction process will be desig-
nated the reactants and can be represented by the equivalent
formula

Z Y ...

where the subscripts a,, b,, . . . are proportional to the total
number of atoms of the elements Z, Y, . , respectively,
contained in a quantity of the entering substance at the
initial conditions. (A complete list of symbols is included
in appendix A.) For example, the reactants for a rocket
combustion process using 3 moles of ammonia (NH;) for fuel
and 2 moles of nitric acid (HNQ,) for an oxidant are

3NH;+2HNO;,
An equivalent formula would be
H,; N3Oy

where the atoms hydrogen, nitrogen, and oxygen, may be
represented by Z, Y, and X, respectively, and 11, 5, and 6 by
@, b, and c¢,, respectively. The weight of the equivalent
formula A, can be computed in the usual way and would be
177.128. (If desirable, the quentity of substance in the
equivalent formula may be chosen to correspond to a specified
value of M,. For example, if M, is to be one gram, the
preceding values would be divided by 177.128.)
The reaction under consideration can be written
A(Z%Yb, [P )—>n1(Z¢1Ybl P )+n2(Z¢2Yaz e )+
(1
. +‘n1(Za‘Yb‘ PP ) )

where n; is the number of moles of the ith molecule or atom.
The subscripts @,, b, . . ., which can take on only positive
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integral values or zero, denote the number of Z, Y, . . .
atoms in the 7th molecule. For example, if Z, ¥, and X
again represent hydrogen, nitrogen, and oxygen, respectively,
the values of a4, by, and ¢, for a water molecule ;O would be
2, 0, and 1, respectively. It is assumed that the products of
reaction are contained by a volume V numerically equal to
the gas constant R times the absolute temperature T so that
for ideal gases

D=1y

During the solution of the problem, it is necessary to determine
the number of formula weights of the reactants A that are
requirad to balance the reaction given by equation (1).
Products of reaction in the gas phase are assumed to be
ideal gases that form ideal mixtures and each condensed
phase ig assumed to have a partial pressure of zero, even
when finely divided and suspended in the gas. For solids
and liquids therefore

p=0

As an approxzimation, the following assumptions are also
made: Each condensed product is insoluble in all others; the
fugacity of each condensed phase is equal to 1 atmosphere;
the total volume occupied by the liquids and solids is negli-
gible with respect. to the volume occupied by the gases; and
the liquid and solid particles bave the same temperature and
flow velocity as the gases. =

Disgociation equations.—For s1mphc1ty of nomenclature
and presentation, the equations for dissociation can be
written in terms of the atomic gas as

(Z{Z'l‘b{.f’-l' “ e —>Z¢‘Ya‘ “ . (2)

The corresponding equation for the equilibrivin constant K;
of gaseous molecules is

K=—_2__ (3)

a; b;

Pz Dr
For liquid or solid molecules, assuming the fugacu.y of each
condensed phase is equal to 1 atmosphere,
1 -
NN (4)
Pz Py ..

K¢=

where 9z, py, . . . are the partial pressuresof the Z, ¥, . . .
atoms in equation (1), respectively. The equilibrium con-
stants cen also be expressed in terms of the free-cnergy
changes (AF7), across the dissociation reactions represented
by equation (2) or

an‘___(—-AF”

(8)

Because the trial composition may not correspond to that
at chemical equilibrium, variables §; are conveniently de-
fined so that for gaseous molecules (logarithms to the base 10
are used) . . .

8;=log pi—a; log pz—by log pyr— . —log K, (6)
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and for liquid or solid molecules
di=—a; IOg pz—b( ].Og Pr— . ‘—].Og K{ (7)

where K; is defined by equation (5). The value of each &
must approach zero when the solution to the problem is found.
Application of equation (6) or (7) to each product of reaction
will result in one equation for each molecule considered since
for atoms, §; is identically zero.

Mass-balance equations.—A mass-balance equation stet-
ing the conservation of atomic type can be written for each
chemical element present.

al am
A et

b =:]_-1‘Z b{nf{ (8)
1

where @, b, . . . are the number of gram atoms of substance
Z, Y, ... per equivalent formuls required to form the
products of reaction. A trial composition generally leads to
values of a, b, . . . that differ from the desired values of
@y, bo, . . . but the difference will vanish when the correct
composition is found.

Total-pressure equation.—The total pressure P is the sum

of the partial pressures
= E P 9)
[

For a process with an assigned pressure, the value of P
must approach the assigned value P, as the solufion of the
problem is found.

Constant volume.—For processes that occur at constant
volume, the density of the mixture is constant. The density
pis defined as .

_AM, AM,
For a reaction process with an assigned density, the value of p
must approach the assigned value p, s the solution of the
problem is found.

COI\IBUSTIdN AT CONSTANT PRESSURE

For given initiel conditions, the temperature and the com-
position following a combustion process are to be found.
When chemical energy is included in the enthalpy of each
substance, the enthalpy of the products of reaction following
an adiabatic combustion must be equal fo the enthalpy of
the reactents at the initial conditions. An arbitrary base
may be adopted for assigning absolute values to the enthalpy
of various substances because only differences are measura-
ble. The base used to compute values of enthalpy Hy was
selected to produce positive values for all molecular types
entering a combustion proeess in order to avoid 2 possible
source of difficulty that might occur in the recommended
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method of adjustment when a logarithm of a negative
number (or zero} might be required.

Enthalpy of fuel and oxidant.—The enthalpy at initial
conditions of the amount of fuel and oxidant corresponding
to the equivalent formula Z,, Y, . is denoted by k.

and is given by the expression
hn=nr(H’;).r+ﬂx(H;): (11) ]

where n; and 7, are the number of moles of fuel and oxidant,
respectively, corresponding to the equivalent formula Z, ¥,
. . . and (H7); and (H;), are the molar enthalpies of the
fuel and the oxidant, respectively, at the initial conditions.
The molar enthalpy H7 is defined by the equation

Hie L “ocdT+H:

where O is the molar specific heat at constant pressure,
and H; is the chemicsl energy of the substance at a tem-
perature of 0° K. Values of H; for several fuels and
oxidants are presented with the tables of thermodynamic
functions.’

Enthalpy of products of reaction.—The enthalpy of the
products of resction per equivalent formuls can be con-
veniently represented by & v&nable h that is given by the
equation

=%Z (H:')i'ni (12)

When enthalpy is assigned, (for example, with adisbatic
combustion) the difference between % and the assigned value
h, must vanish when the correct values of n;, 4, and T are
found. If heat were lost (nonadiabatic combustion), the
value of h, would be accordingly reduced.

Equations for constant-pressure combustion.—The equa-
tions defining the constant-pressure combustion are:

Type Number of equations
Dissociative equilibrium__ 1 for each molecular type.
Conservation of mass____ 1 for each chemical element.
Constant pressure_______ 1.

Conservation of energy___ 1.

These equations are to be solved simultaneously for the
variables ng, 4, and T (p,=n, for gases).

Correction equations.—Since the preceding equations are
not all linear, it is usually not feasible to find a direct solu-
tion. The Newton-Raphson method for solving nonlinear

simultaneous equations (reference 5) is well suited to this

type of computation. This method can be illustrated by a
simple example. If @ and @, are functions of ¢ and r,

@i=filg,r)
Q!=f 2 (QJT) .
By teking estimated values, for example ¢, and r,, each func-

tion may be expanded in & Taylor’s series about the point
(go,re) 8nd when derivatives of higher order tha.n the first

are neglected
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AQz——aQ2 A +°Q’

The desired changes AQ, and A@Q; can be computed; if the
partial derivatives can be numerically evaluated, solving for
the approximate changes in ¢ and » to effect simultaneously
the desired changes in both @, and @, is comparatively simple
because the equations are linear.

If each of the functions &, @, b, . . ., P, and & given by
equations (8) to (9) and (12) is expanded ir a Taylor’s series
about an estimated set of values of the variables and terms
involving derivatives of order higher than the first are neg-
lected, the following set of simultaneous linear correction
equations results:

For gaseous products

Ti—ay Zz—bfxy‘—’ X r= —34, (13)
For solid or liquid products '
—a; tz—bgy—. . .—qap=—28 - * (14)
For all products o )
fx‘_,am,:t,—AawA= 5,
26;7@11‘{”‘446274:83'“ o A (15)
229111' =6p - (16)
Zh,’m;——Ahz,.-I— TC zp=56, a7

where the correction variables and the error parameters may
be defined in the logarithmic form

2e=A log n,=A log 4
*z, Ty, . . .=, for atoms

ru=Alog A

zp=Alog T

'—‘6¢=A5¢
a
8,=4Aa log E" —

55=Ab log %

t=Plog 22 -

= Al log e

and where g‘—(RT) %%gg_?" hi=(Hpn, C'= Z"‘(Co)m'

The solution to the set of simultaneous equations relates
the value of the r®™ estimate to the (r4-1)™ estimate as
follows: .

log (ng)rs1=log (ny).+z;
log (A),41==log (4),+ax
log (T)ry1=log (T), 427 (18}

The expansion in the Taylor’s series has been carried out
in the logarithmic form because this form has been found o
result in rapid convergence over a wide range of conditions
and avoids the possibility of computing negative partial
pressures, - If the expansion is carried out in powers of

An 1 . .
x,=?‘ or T;=nA (E) the same correction equations result
1 1

as for the logarithmic variables except for the definitions of
the correction varisbles and error parameters. Quite satis-

factory results have been obtained by taking :r,=ATn‘ when
- i

z;is positive and z,=n;A (’%) when z, is negative.
1

MATRIX CONSTRUCTION AND REDUCTION

A coefficient matrix is a scheme of detached coefficients of
a set of linear equations that are to be solved simulteneously.
An sugmented matrix is identical to a coeflicient matrix
except that the constants are included. Equations (13) to
(17) comstitute such a set of equations for the simultaneous
determination of the variables z;, 24, and zp.

Construction.—Because of the large number of zeros occur-
ring in the matrix, & considerable saving in effort can bo
made by proper arrangement of the order of the rows and
the columns. The following arrangement provides a partly
symmetrical matrix that has been found to be among the
easiest to evaluate as long as the products of reaction are
principally gaseous and the dissociation constants are
expressed in terms of the atomic species:

The order of the columns should be—
(a) z; of gaseous molecules
(b) x;of atoms
(c) -z, of liquid and solid products
(d) z4
(&) zr
(f) Constant terms of equatmns
The order of the rows is— - S o=
(a) Dissociation equations in same order as gaseous
molecules in columns
(b) Mass-balance equations in order of atoms in columns
~ {¢) Dissociation equations for solid and liquid products
in same order as solid and liquid in columns
-(d) Total-pressure equation
(e) Heat-balance equation in combustion calculation
The augmented matrix of equations (13) to (17) arranged
in this recomended order is shown in figure 1.
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Bque, | Guous molecales Atoms Sotas.or
tion
n E o) N 7 I B 5 R T v | 24 | zr | Const
t
- 1 0 O0i-a =& - 0 0 0 —@ ~—& |
(13) (] 1 0 :—a b .. 0 0 0 —q —8
¢ 0 - - - - 0 1] Q - -
a [T TR T R _;z 0 0 _ oayny —da O [
(¢5)] bing  bma 0 mg 0 . bymxy —Al 0 &
- I S E: B ) B
(14 1] 0 0 - - - 0 0 0 - -
N 1] Q ¢ ey Ox Q 0 0 gy &¥
(16} o1 P . px pr O 1] 0 i] [ S
h {17 L ke . hy By . - by —Ah TC' &
L -

FIGURE 1.—CGeneral msatrix of correction equations for adisbatic combustion at assigned
pressure. Equstion (13), dissociation of gaseons molecules; equation (15), mass balance;
equation (14), dissociation of 2olids or liquids; equation (16), pressure; equation (17), heat
balance.

Solution.—One of the best methods of solving simultaneous
linear equations is given by Crout (reference 6). With this
method, an auxiliary matrix is constructed from an original
augmented matrix by a simple routine. This suxiliary
matrix is of the order equal to the original matrix. The
solution for the set of equations can be obtained by a process
of back substitution in the auxiliary matrix.

For convenience, the order of the matrix is reduced before
the Crout method is applied. A mafrix arranged as recom-
mended can be partitioned so that e unit metrix [Ua] of
the order (m,m) appears in the upper left corner, where m

is equal to the number of types of gaseous molecule. The
original augmented matrix can then be written

U

-21;5-“3] (19)

When the Crout method is epplied to the original augmented
matrix, the Crout auxiliary matrix cen be expressed as

[=el 0

where [Ux], @], and [es] are identical to the corresponding
submatrices of the original matrix. By observing the oper-
ations involved in the construction of the Crout auxiliary
maftrix, [ey] is shown to be identical to the auxiliary matrix
of the asugmented metrix [« defined by

[os] = [ots] — [ea] fers] @D

For computation, equation (21) is written
fedl Lol [ 75 | (22)
5. 2,418 Uk

where [[/;] is & unit matrix of order equal to the number of

columns of [e;]. The numerical solution is then obtained

by carrying out the matrix multiplication indicated in

equation (22) to find [es]. The Crout auxiliary matrix [a]
218637—583—— 54

Gaseons molecules Atoms Sonids or
- zy - Tz zr — - Tx zs zr |Const
s am axns - nz ¢ 0 _. exny —Aa 0 L -1
1b b bang - 0 ar 0 _. byny -—Ab 0 &
- -- - — 0 g - - — - . G -
T (1] 1] 1] - —-— o= D] ¢ ¢ - —
N 1] 1] 0 ax bx - 0 a 0 [£.4 iy
P Pt o -- Pz PP - 1} 0 0 0 Sr
T |- L0y 154 .~ LA R - - B —AR TCT &
(a) Submatrix [a;ga,] taken from lower portion of figure I.
— -
a ar as - L 0 0 0 /] ¢ 0 ;]
b b by - 0 1 0 0 0 4] 0 0
- - - - )] 0 - 0 [} 0 0 0
IT 0 0 0 0 Q 0 - ] [] ¢ 0
N [] 0 1} 0 1] 0 1] 1 0 0" 0
| .0 ] Q 0 1] 0 0 1] 1 1] 1]
[ ¢ | o e« 10 ¢ o o o ° 1 o
T & 5 - 0 ¢ 0 1] ¢ Q 0 1

(b) Submatrix [-—?;—‘] transposed (—[a;] taken from figure 1).

FIinTRE 2.—Qeneral form of submatrices of correction equatfons for adfabatle combustion
at assigned pressure.

is constructed from [es]. The values of the variables .44,

. . , %y are found from [«] by the process of back

substltu’uon given by Crout. The values of the remaining
variables are found by the matrix equation

. _$m+1-
T
= 23)
_.zuj TNy2
L —1

For illustration, the submatrices [e], [a], and [as] were
teken from figure 1 and used to comstruct figure 2. The
submatrix [esfes] corresponds to equations (15), (14), (16),
and (17) and is shown in figure 2 (a). The transposed matrix

of I:—_U—.-éﬂ]is shown in figure 2 (b); that is, the columns have
E -
been tabulated as rows with the first column at the top.
COMBUSTION AT CONSTANT VOLUME

The procedure given for finding the composition and the
temperature of a combustion process at constant pressure
can be applied to combustion at constant volume with the
following changes:
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{a) The correction equation for pressure is replaced by a
correction equation for density obtained from equation (10)

z24—zr=log %L (24)

(b) The correction equation for conservation of energy

must be written in terms of mternal energy Ep and thus

becomes

SEDm @ —Ae st TSCmar=Ae log % - (25)
where

~ 5 SEn,
¢, is the assigned internal energy per equivalent formula at
initial given conditions, and C; is the molar specific heat at
constant volume. Substitution of these two equations in the
maftrix of figures 1 and 2 (a) will permit the composition and
the temperature to be found for assigned values of density
and internal energy. The application of this method to
constant-volume combustion, which, for example, is involved
in reciprocating engines and pulse-jet engines, has not been
made at the Lewis laboratory.

ISENTROPIC EXPANSIOR TO ASSIGNED PRESSURE OR TEMPERATURE

Assigned pressure.—The calculation of temperature and
equilibrium composition of the products of reaction following
isentropic expansion to a fixed pressure involves the simul-
taneous solution of dissociation, conservation-of-mass, pres-
sure, and entropy-balance equations,

For the reaction of equation (1), the élSSOGl&thIl conserva-

tion of mass, and pressure equations (6) to (9) can again be
applied. For the conditions following an isentropic expan-
sion, the entropy s of the products of combustion per equiva-
lent formula after expansion must be equal to the entropy
8, of the products of combustmn per equivalent formula
before expansion.

8= {—% zi:[ni(S;)‘—Rp‘ In p] }combustlon

conditions

where (S;); is the absolute entropy of the product ¢ at
standard conditions. This formula is applicable to ideal
solids and liquids, assuming p,=0, as long as their volume is
negligible. After the expansion takes place, the entropy per
equivalent formula ig given by the expression

s={%-zi--}[n:(83)t—3p: In Pt]} @7

exit conditions

Whereas equation (26) is, of course, evaluated at combustion-
chamber temperature and pressure, equation (27) is evaluated
for exit temperature and pressure. As the solution of the
problem is found by successive adjustment of estimated
quantities, the value of s approaches s,. _
In the adjustment of the values of n,, A, and T, the cor-
rection equations (13) to (16), which have been derived from
equations (6) to (9), can be applied. In addition, the fol-

(26) .

REPORT 1037—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

lowing correction equation for entropy can be writien from
equation (27):

A32:4+C':cr='§,

28{' Ti— (28)

where

8,=As log %’— .

8y =(Sp)m—Rp,(1+Inp))

The row matrix of equation (28) shown in figure 3 may be
substituted in place of the h rows of figures 1 and 2 (a) and
the computation earried out as in the combustion calculation.

i
[ oo . i [ w —ds O l.]
. ] . -

FIGURE 3.—Row matrix to be substituted In place of h row In figure L and In figure 2 (a)
for Isentropic expansion to assigned pressare, Equation (28), entropy balance.

Equa-
tion

g (28)

Assigned temperature.—For the computation of data for
enthalpy-entropy diagrams and for other practical computa-
tions, it is often necessary to find the exit pressure and com-
position as a function of exit temperature. The procedure
required is the same as that described for isentropic expan-
gion to an assigned pressure except that, in addition to
substituting the 8 row in place of the h row, the pressure
equation (p row) and the temperature column (zy) are
dropped from the matrix of figure I; accordingly, the p row
and zr column are dropped from figure 2 (a) and the q row
from figure 2 (b).

ISENTROPIC EXPANSION TO LOCAL YELOCITY OF SQUND

The theoreticalvelocity of sound that includes the effect
of dissociation can be computed at any point in a nozzle
with a modification of the matrix previously derived to
obtain theJcorrection quentities.

Velocity of sound.—The velocity of sound « can be defined

as -
oP
(%), | (29)

where the subscript ¢ denotes the condition of ‘constant
entropy. The total differential of pressure P can be found
from equation (9).

dP=2dp‘ (30)

and the. total differential of density dp can be found from
equation (10).

do=20r 44— ﬁ,ﬁ' T (1)
Then
d log p,
dP 2nap: 2P Flog T
&M, ,, AM, . AM, /dlog A _ )
rT4—7r 7 BT \dwg 77!
Therefore
RT2?¢D¢
( =AMD.=1) (32)
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where
_ 0 Iog ny
“\ologT/,
0log A
b *=(a Tog T).
This expression will permit evaluation of %2, provided the
values of the partial derivatives D; and D, are found for
conditions of chemical equilibrium and for an isentropic
process. If the value of T is in degrees Kelvin and p; in
atmospheres the value of 8.3144X 107 for R will give % in
centimeters per second. The conditions of chemical equi-
librium and constant entropy are introduced by writing the
total differentials of equations (6) to (8) and (27). The total
differential of these equations expressed in logarithmic vari-
ables and divided by d log T can be written, for gaseous
products,

dlo P, dlogpz , dlogpr o ds; (33)
dlog T~ " dlog T *dlogT =~ U dlogT
for liquid and solid products,
dlog pz ; dlogpy _d§
T g T tdlogT T 4T ig T @4
and for all products of reaction,
d log: Ny dlog A dloga
20 Tl T A Tl T2 TTog T
- d log 'n.; dlog A dlog b
b e T~ A T T— A TTog T
e ee=aa (35)
,dlogn, , dlog4d, ,_ , dlogs
25 TTog T~ M qTog 7TV =25 TTog7 @9

If d log s is taken as 0, ¢ is a constanst; if 4 log @,
dlog b, . . ., end ds; are taken as 0, mass is constant, atomic
- types are conserved, and rate of change in composition
corresponds to constant values of §;. With these assump-
tions the partial derivatives D, and D, may be substituted
for the total. derivatives in equations (33) to (36). The
augmented matrix formed from these equations may be
partitionéd in a manner similar to the combustion matrix.
The resulting submatrices are shown in figure 4 with the sign
reversed. When D and D, are determined by means of
the matrices shown in figure 4, the velocity of sound can be
calculated from equation (32). This equation cen be applied
to mixtures of liquid and solid products in equilibrium as
long as their volume is negligible compared with the volume
of the gas mixture and provided the liquid and solid particles
move in velocity and temperature equilibrium with the gas.
Specific heat.—The molar specific heat at constant pressure
of & mixture in equilibrium may be found from equation (12)
as follows:

=2~ G

dlog A ]
Ak dlog T P+T0,

olo 'n.{ _
dlog T/p

(37
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-Di | —D2 ] e =Dz | —Dr l: ......... —Dx | —Da
a F [ T TR - T —— i} 0 0 0 awaRy —As 0
TR T J—— ¢ 0 Q 0 bwny —4b 0O
______________________ ¢ 0 0 [ N
...... [\ G ] mmm mmemem mmmae 0 1] [
N 0 0 0 anN by mmee- Q 0 0 oy
s o Ly — i & ¥ - O sy —ds C"J
i i
(a) Submatrix [ﬂz ‘!s]
& ’— a1 ;2 L o] 0 0 ] 1) 0
b b b . ] 1 0 [ [} 0 0
______________________ 0 [) E— 0 0 0. _0__
T_T 0 0 0 [ 0 0 - 0 0 0
N 0 0 0 0 0 0 0 1 0 0
] 0 0 0 [ ¢ [y 0 0 1 0
—q_ o [T 0 0 0 0 0 1} 1

®) Suhmatr;: [-‘-‘-"-‘] transposed.

FIGURE 4—Ceneral form of submatrices of equaﬂons for partial derivatives at constant
entropy.
Equation (30) can be written as

dlogn; PdlogP
2 fdlog T dlogT

where n=>2_n;.

{38)

If d log P is taken as 0, the pressure is constant; therefore,
when equation (38) is substituted in the matrix of figure 4
0 log 7,

in place of equation (36), the values of {3 og T/ and
(b log A can be found. These values can then be sub-
dlog 7/»

stituted in equation (37) to evaluate Cj.

Isentropic expansion to assigned Mach numher.—Accord-
ing to the law of conservation of energy the sum of the
enthalpy and the kinetic energy of a certain quantity of gas
at any point in a nozzle is constant. If this sum per equiv-
alent formule at any point ! is denoted by a parameter ¥,
then

h*=|:h+% M,-v’/J:l (39)
I

where ¢ is the velocity of flow of the gas, / is a dimensional

constant, and the subscript [ indicates that the variables are

evaluated at point [ in the nozzle. The Mach number AL

of the flow is

M=2

” (40)

Equations (32), (39), and (40) may be combined to give

2(H;)i’ﬂt MRTZ p:D;

4 TT3AD,I (1)
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where the value of R becomes 1.98718 (cal/(mole) (°K)).
As the solution of the problem is found by successive adjust-
ments of the estimated quantities, A* approaches h,.

If equation (41) is expanded in & manner similar to that
used to obtain equation (17) and if the differentials of deriva-
tives are assumed to be negligible, the correction equation
becomes

Z hi" 2;— AR* 2,4+ T O" gr="5* (42)

where
w_1 14 MRTp, D,
b=k D=1

5% = Ab* log Eh*
M Rp; t)

2[11,(0 Mt em—1)

Equation (42), together with equations (13) to (15) and (28),
constitute the correction equations for the isentropic expan-
sion to an assigned Mach number. The coefficients of these
equations form the submatrices shown in figure 5.

In order to carry out the numeérical computations, values
of n;, 4, and T are estimated for the assigned conditions;
the values of D, and D, are obtained by means of the sub-
matrices of figure 4, and used to compute the numerical
values of the elements of the bottom row of figure 5(a).
The submatrices of figure 5 are then used to-compute the
values of the corrections to ny, A, and T. This process can
be repeated until the assigned conditions are satisfied.

£ -2 TR [P, 2z Ir — Ix Ta r

a [T [ 7 T — Rz ] 0 —— awny —da 0 8g

b bmy  bna . 0 ny Q@ oo, Oynxy —AD 0 &
...................... 0 1 R | B
...... 0 1} 0 [P | | 0 1] . —

N 0 0 0 {ex by ..o 0.0 0 gy 3

s £y 6 8 s ...... W —As & &

h* b [T R Ay” Ll o e Ay —AR* TC" dpe

| j i
: (a) Bubmatrix [uz ]

a ’— a1 [ T 1 0 0 0 0 [ [ ]

b [ b - 0 1 0 1] 0 [ ] [}
...... o 0 0 . 0 0 a .0 o0
...... 0 0 0 ¢ 0 0 .. © ¢ o o

N ] ] 0 ¢ 1] 1] 0 1 .O 0 0

] 0 4] Q 0 1] ¢ (1] 1 0 ¢

q 4} [ I—— e .0 0 ] ¢ 0 1 0

[ &1 - T 0 0 0 ] 0 0 i 1
- =

(b) Bubmatrix [ 7(-}: 1 ] transposed.

F1GURE 5.-—Ceneral form of submatrices of correction equs.ftons for Isentrople expension to
aszigned Mach number.
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Throat area of supersonic nozzle.—The process of isen-
tropic expansion to a local Mach number of 1 is particularly
interesting in the determination of the throat area of &
nozzle having greater than critical pressure ratio. By as-
suming that the flow is isentropic and that chemical equilib-
rium is maintained throughout the expansion process, the
flow velocity » at the throat must be equal to the velocity
of sound « at the throat. The values n,, A, T, and # can
be found for & Mach number of 1 by use of the procedure

given.
The throat area ¢ can be calculated from the equatlon
t RT
m— AMu (43)

where m is the mass flow per second. If T is in degrees
Kelvin and % is in centimeters per second, I equal to 82.0567
(cm?) (atm)
(°K) (mole)
can be applied to mixtures of liquid or solid phases in equi-

will give {/m in (cm?) (sec)/(gm). This equation

-librium provided. that the volume occupied by the liquid

and the solid phases is negligible compared with that of
the gas phase and that the particles of liquid and solid are in
thermal and velocity equilibrium with the gas phase.

EXAMPLE OF COMBUSTION OF DIBORANE WITH OXYGEN
BIFLUORIDE -

The calculation of equilibrium temperature and composi-
tion of the reaction of 1 mole of diborane (ByH,) with 5 moles
of oxygen bifluoride (OF;) is illustrated in this example for
processes of

(a) constant-pressure adiabatic combustion

(b) isentropic expansion to 1 atmosphere

(c) . isentropic expansion to the local velocity of sound
An equivalent formula of these reactants is

Zao YaoX cau7¢0=HsB2Fluos

and a,=6, by=2, ¢,=10, and dy=35.

The following gaseous products will be conmdered as the
products of reaction: boron trifluoride BF;, horon trioxide
B;0;, boron fluoride BF, boron hydride BH, boron oxide
BO, diatomic boron B,, hydrogen H; water vapor 1,0,
hydroxyl radical OH, hydrogen fluoride HF, oxygen O,,
fluorine F,,. atomic hydrogen H, atomic boron B, atomic
fluorine F, and atomic oxygen O. No liquids or solids are
included. If the products are numbered in the order given,
they can be identified in the terminology of equation (1) as
follows:

BF3= HoBlFaoo
and therefore

a1=0, bl=1, 01=3, and d1=0
Similarly, -
Bzoa=HoBsFoos

and .
G3=0, bg=2, Cg=0, and d2=3
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All values of a4, by, ¢;, and d, for this problem, together with
the thermodynamic properties used, are listed in table I.
Although these thermodynamic values and the enthalpies of
B,H, and of OF, have since been revised, and therefore do not
correspond to the values listed in the thermodynamic tables
presented in a later section, they are adequate for the purpose
of this example. The enthalpy values used are

(H 2s8.16) 1iquid B;2,—570.149 kilocalories per mole

(H 128 3) tquid or,=067.077 kilocalories per mole

The enthalpy of the amount of fuel and oxidant at initial

conditions corresponding to the equivalent formula is, from
equation (11),

Iglocalories

h,=570.149-+5(87.077)=905.534 equivalent formula

(44)

_The values of ay, b,, ¢, d;, and k, are constant for all parts of
this example.
COMBUSTION PROCESS

The adiabatic combustion process was assumed to oceur at
& constant pressure of 20.4 stmospheres.

Firgt estimate.—From previous computations or from sim-
ple calculations with equilibrium constants, estimating
reasonable values for the composition and the temperature is
usually possible. This procedure is recommended inasmuch
as close estimates reduce the number of trials that must be
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can be used, however, the first estimates for this example for

neand A have been taken equal to 1 mole and a temperature
of 4000° K. The possibility of divergence is discussed in a

later section. All estimated quantities will be used with
three decimal places to distinguish them from numbers that =

are always integers.

Evaluation of submatrices.—The numerical values of the
elements of the submatrices shown in figures 2(a) and 2(b)
can now be computed-and are shown in figure 6. The steps
are as follows:

1. The values of a,, by, ¢; and d; are entered in rows a, b,

¢, and d of figure 6(b) and & 1 is entered on each square of

the diagonal of [T3] according to figure 2(b). _
2. Values of g¢=<-ﬁ) from tables of thermodynamice
1

functions are entered in row g of figure 6(b). In this case
they are obtained from fable I.
3. The values of the elements of the & row of figure 6 (b)

may be computed from equation (6) for gaseous products
=log pi—a; log pa—b; log pp—e; log pr—d;log po— log K;

The values of log K; are obtained from tables of thermody-
namic properties, in this case table I. Because all molecules
and atoms are estimated to be 1, their logarithms are 0 so
that in this case _

s=—log K;

4. The estimated values of m; are entered In row p of

made. In order to show that an arbitrary composition | fgure6 (a). In case liquids or solids are present their value
which is not based on probable final values of the composition | will be zero. . .
Gaseous mojecules Atoms
*BF; *By04 *BF *REC *BO =B, “m, *Hy0 “oR =y ‘ 20y b *E B =r o o l ar Const
a ) 0 0 L0 0 0 2000 2000 1000 LOMO O 0 Lot o0 0 6 —8000 0 —0.989
b 1600 2000 1000 1000  1L000 2000 O o 0 0 0 0 0 1e0 o 0 —8.000 0 —5.4m
e o000 0 Looe O 0 0 o- 0 0 Lao 0 2000 | ¢ 0 1000 ¢ -8.000 0 0.778
a 0 a000 O 0 Lee0 o0 0 LO0O 50K O 2000 @ 0 0 0 LO0C —9.000 0 2207
P 1000 1000 L00O - 1000  L0O0 000  LgOO L000 LO000 1000 1.000 1000 { LO0 1000 1000 1co0 O 0 Less
x |_ G2l 2.3 2620 280 257 AT %5 5T .75 .820 .31 .960 § LOSL 37T .86 .74 —2736 6.446 —13125
(s) Submetrix [ﬂzl: ﬂx].
2 [ 0 0 0 1 0 0 2 2z 1 1 0 0 1 0 0 0 0 0 0
b 1 2 1 . 1 1 2 a 4] ] 0 Q 0 Q 1 ] 0 Q ¢ 0
c 3 0 1 0 o 0 0 0 0 1 0 2 o ) 1 0 0 0 0
d o 3 0 0 1 0 0 1 1 0 2 0 o 0 e 1 0 ) 0
0 g 0 0 0 o 0 0 o 0 o 0 o 0 0 0 1 0 0
a —62.075 —B0.593 —IT.288 —8.300 —15.183 —7.060 —I5.030 —20.200 —I8.603 —10.674 —15.313 —8.705 | 0 0 0 0 0 1 0
I3 —5.695 —5.18 —Le 2611 L0383 2763  0.406 0347 0167 —1.894 0.350 3.137{ 0 0 0 0 0 0 1 |

(b) Submatrix [‘53] transposed.

FIGURE 8.—Numerical example of subznatrices of mrrect{onequatmns for adiabstic combustion of dfborane and oxygen biftucride atter first estimate of 5y, 4, and T%, .
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5. The values of the elements in rows &, b, ¢, and dof
figure 6 (2}, except columns x4, 27, and constant, are obtained
by multiplying the value of n; by the value of the correspond-
ing element of the respective row in figure 6 (b).
example, the entries in the first column are 0X1.000=0,
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1X1.000=1.000, 3X1.000=3.000 and 0 1.000=0.

6. Values of the elements of row h._of figure 6 (a), except
columns x4, zr, and constant, are obtained by multiplying
the value of n; by the value of (Hyz); from tables of thermo-
dynamic functions, in this case table I. For example, the
entry in the first column is 72,172X1.000=72,172. All

values in row h have been divided by 10°.

7. The values of the elements of column z, figure 6 (a) are
obtained by summing elements to the left in each row and
writing the negative of the total in column z4 except for row

p where the value is zero.

8. The value of the zr column (fig. 6 (a)) is zero excopt for
The values of

the h row where the value is T

(C;)¢ are obtained from tables of thermodynamic functions,

in this case table I.

9. Values of the constant column for figure 6 (a) for all
rows except row p are found as follows: The value already
With the esti-

(U:)mc-

entered in the z, column for row & is —Aa
mated value of A=1.000

the values of 8, &,

_Aa_
 —

8.000
1.000

s,=Aa log %

=8.000 log 8_306= -

=8.

000

0.999

For

8z, and &, are found in a similar manner.

F3:4 B > zo E7) zr Const

," 12.000 1,000 1.000 2,000 —8000 —127.878 1.301 7]
1.000 13.000 4.000 7,000 —0.000  —283.0010 —16.322
1,000 4.000 16,000 0 —8.000  —240.507 —18.504
3.000 7.000 ¢ 17. 000 —0.000 —383.400 -—17.383
8000 - 0.00 £.000 8. 000 0 —204.871 —3.866
884 28788 7.861 12.414  ~20.346 464757 —7.668 |

() Matrix [ay] obtained from matrix multiplication [«sias] [ -—--]

~10.456 0.1250 7]

F 12,000 0. 08338 . 08333 0. 2500 —0. 6867
1.000 12,017 0.3032 _ 0. 5226 —0. 6451 —21.086 —L273
1.000 8.917 14.729 —0. 1560 —0.3283 —10.004  —0.5002
3.000 6. 780 —2.207 12,304 =0 2745 —14.727  —0.848%
8.000 8.338 4,807 3. 895 18.210 —4,857 0. 8731
|_ 8.854 27,008 = —1.366 —4. 044 ~8102 ° 172 82 0.1544
(b) Matrix [ey] (Crout’s suxiliary matrix of [a;]).
B I8 z¥ T0 za rr
1,200 0, 9200 L222 1. 458 0.1232 0.1544

Fiaurk 7. Numerical example of the solation of correction equations by matrix methods.

(¢) Valaes of corrections (Croat's final matrix).

10. The constant column of row p is found as follows:
The sum of the elements of row p is the pressure P=16.000;
8» is computed from the formula

8p=P log %

=16.000 log 120030 1.688

matrix [ag] shown in figure 7 (a.) Thc steps of this multipli-
cation are shown in standard textbooks such as reference 7.
Crout’s auxiliary matrix corresponding to [o] may then be
constructed and is sbown in figure 7 (b) and the valucs of
Zm, T8, Tr, Yo, Za, a0d T are shown in figure 7 (¢). The values
of the remaining functious are computed with the aid of

equation (28). The solution is found to be .
zgr,=0.7056 2om=0.4907
- x];zos=—1.100 Zar=1.377
an=1116 I°2=0'1737
Q?BH=1.665 Tp’=—2.037
2'30—0 6135 IH=1.299
zp,=—2.139 2p=0.9200
xg,=0.03982 rp=1.222
(lgzo= —0.7999 To= 1.459
r4=0.1232 20=0.1544

These values are to be applied to the initial estimates for n,,
A, and T according to the equation

(08 7)oy —(l0g M)y +34 (45)

For example, the second estimate of ngr, would he

(10 725r s =log 1.000+0.7056

(NBF)wooea =5.077

eatimate

The second estimates of ny, A, and T are then used to sel up
new submatrices according to the procedure described. The
process is repeated until the desired accuracy has been
obtained. For this example, six approximations were re-
quired togive the following final .values of n,, 4, and T:

npr, =2. 6593 nop=0. 6785
n3203=0. 1235 figp="7. 1456
npr =0.1936 no, =0. 9210

—  ngg =0.0001 ng, =0. 0003
npo =0. 1669 ng =1.7694
nnz =0 ng =0. 0577
ng, =0.1271 ny =1. 3043
neo=0.0627  no =5.1903
A =le622 T =4775.5°K
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Discussion of convergence.—In order to demonpstrate the
convergence of the process with large errors in the first
estimate, the example of the combustion of diborane and
fluorine oxide was solved by using 1 mole of each product, &
value of 1 for A, and & temperature of 4000° K for the first
estimate. Because these first estimates were made without
regard for the probable final values, large errors were present
in the second spproximation and six approximations were
required to eliminate the error. The convergence is shown
in terms of the parameters g, b, ¢, d, P, %, and e in the follow-
ing table where e is defined as

a, be €0 ds
e=%; log k4 +|log ==+ |log 7 +-log 2 +log7+
a [
RESULTS OF APPROXIMATIONS
[ Trial nomber .
Param- | Firstes : Desired
eter timate valoe
| 1 | \ | 3 | 4 l 5 [ 6
P s | assm* T005| 6| 60m| 6002) 0.000) 5.00
5 9 | 36| 11605 2325 22008) 2000 2000
c 5 5510 | 24082 1&104 10.541 | 10.016 | 10.000 | Z0.000
d 9 | 20641 | 105 52:0 | 802! 5000 | 5000
P 16 5| Beo| coane | 21416 | 20.436 | 20.400 | 20.400
B:oomt 5|12.omms 2000.090 | 2000.950 065,068 912388 (005, 504 (005, 53¢
« , 4.002 I zmal m| ou| 002 0
H t

This method has been used in routine computation for
several vears without encountering a divergent case in a
practical problem. At least for special cases when tempera-
ture is assigned, the process will converge for all values
of the first estimates. Divergence is known to occur for
certain cases where femperature is used as & varigeble when
the first estimate of temperature and composition is suffi-
ciently in error. Although no mathematicel analysis has
been made to determine the theoretical limits of conver-
gence, the process appears to be satisfactory for practical
computation.

Special treatment Would be required if divergence is
encountered. Obtaining convergence should be passible by
a sufficiently close new estimate of composition and temper-.
ature. This procedure is recommended when it is feasible
but other procedures can be devised, depending on the
individusl case.

ISENTROPIC EXPANSION TO FIXED PRESSURE

The temperature and the composition of the producis
of reaction following an isentropic-expansion ratio of 20.4
at chemical equilibrium were also computed for the products
of reaction of this example. The value of 8, is found from
equation (26) by using the final values of each constituent
of the adiabatic combustion and the absolute entropy values
corresponding to the final combustion temperature. The
calculated value of 8, was 763.476 calories per °K per mole.

First estimates.—The number of approximations necessary
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for a complete calculation can be considerably reduced
if the initial estimate is based on previous experience. The
finel valves of n; and .A determined for the combustion
process of this example can therefore be the basis for this
firat estimate.

Because the expansion ratio is 20.4, the four Iargest
components can be estimated to be 1/20.4 of their combus-
tion value.

ﬂm==0.1304
ngr=0.3503
ng=0.0867
no=0.2544
A=0.0815
For convenience of presentation, the temperature was
estimated to be 4000° K so that the values of table I could
be used again. The remaining products can be estimated
from the dissociation equations by setting log %,=0. For
example, pr would be determined with the assumed values
of prr and pg from equation (6) and teble I (p;=n.)
0=log 0.3503—log 0.0867—log pp—1.8944
log pr=—0.4555611.06198 —1.8944
=—1.28798
py=0.0515

Similarly, #s can be estimated with the assumed values  _ _

of pry, and pe
0=log 0.1304—log ps—3 log 0.0515—5.6953
log pp=—0.884724-3.86394—5.6953
p5=0.0019
If this procedure is followed for all the remaining constituents,
the following list of first estimates can be made:

nnp,=0.1304 7ox=0.0150

73,0,=0.0078 ngp=0.3503
npr=0.0043 no,=0.0269
npar=0 'n.Fz=0
n30=0.0053 ﬂH=0.0867
‘HB==O ﬂ3=0.0019
ﬂn’z=0.0029 np=0.0515

'n520=0.0009 ﬂ-o=0.2544

A4=0.0815 T=4000° K

Construction of submatrices—The construction of the
submatrices may now be carried out and is shown in figure 8.
The steps are the same as for the combustion example except
for steps 6 to 9, which are different because the enthalpy equa-
tion has been replaced with the entropy equation.

The values of the elements of row & of figure 8(a) are ob~

tained from the expression
8;’=7l1 [(SZ- —1.98718—4.57565 ].Og P{I

The values of (S7); are obtained from tables of thermo~ _ _

dynamic data, in this case table I. For example, the entry in
the first column is computed to be

(spr,)’=0.1304 (105.951—1.98718—4.57565 log 0.1304)
=14.0848
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7. The values of the entries in the z, column of figure 8(a)
are obtained in the same manner as for figure 6(a) except for
the 8 row where the sum of the elements of the p row times
1.98718 is added to the sum of the elements of the 8 row and
entered in column z,.

8. The value of the entries in the #» column is zero except
for the s row where it is gnt(()" )i. The values of (C}), are

obtained from tables of thermodynamic data, in this case
table I.
9. The value of &, is found in a manner similar to §,.

ISENTROPIC EXPANSION TO MACH NUMBER OF 1

The temperature and the composition of the products of
reaction following an isentropic expansion to the local velocity
of sound was computed for the products of reaction considered
in this example, assuming chemical equilibrium. The value
of s, 18 the same as that found for the isentropic expansion to
1 atmosphere.

First estimate.—For.simplicity, the same first estimates of
1 mole, 1, and 4000° K, for n4, A, and T, respectively, were
again made

Construction of submatnces.—The submatrices corre-
sponding to figure § may be constructed and are shown in
figure 9.

The submatrices corresponding to figure 4 are first con-
structed. The steps are the same as for figure 8 except that
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multiplication may then be carried out and the values of the
partial derivatives D; and D, computed in a menner similar
to the computation in the combustion example. These values
of D, and D, together with (H3); are used to calculate the
elements of row h* of figure 9(a) except columns z,, 2y, and
constant. For example, when the values of Dpr,=12.990
and D,=19.039 are used, the value of

M?RT0ps D
(hery) —(hnv,)'-i'—‘éTp—BFLjﬂ

'1X1.98718X4000><1.000<12.990 (ce
2(19.039—1)

becomes 75,034=72, 172+

1)

All values in row h* have been divided by 105
The value of the element inrow h*, column 2z, is the sum of
the elements to the left. The element in row h*, column z»

is given by AR
by
B0T)

Te" = TZ} o)+ 2(D

and the value of the constant column is obtained as in the
previous examples. Matrix multiplication that was carried
out for the determination of D, and D, values may now be
extended by an additional row and column and the value
of 24, x4, and 2y found as in the previous examples. These
values miay then be used to obtain the second cstimates for
f4, A, and T and the computation repeated until the desired

row p and the constant column are omitted. The matrix | accuracy has been obtained.
Gaseous molecules Atoms
zBry | TR0y | gBF FBE spo " | =By 2E, | zmo | zom | smR | gy | zmy £2:4 73 r | o T4 zr | Const
l " 0 0 0 0 0 o " 0.0008 0.0018 0.0150 0.3508 © 0 0.0867 0 0 o ~0.4506 0 0.01238
b 0.130¢ 0.0156 00048 0 0.0088 0 0 0 0 0 o 0 0 0.0016 0 0 —~1.1576 0 0. 00235
c 0.912 © 0.0048 0 0 Q 0 0 0 0.358 © o o .0 0.0516 © —0.7973 ©  0.00780
d 0 0.02% 0 0 0.0053_._ .0 0 0.0008 00150 0 0.0538 0 a 0 ¢ 02644 —0.3828 0 0.02208
P 0.1304 00,0078 0.0M43 0 0.0083 0 0.0020 0.0008 O0.0150 0.3503 0.0269 0 ‘0.0887 0.001¢ 0.0516 0.254 O 0 0. 02505
P 14,0848 0.9704 0.35% 0 0457 0 0.1751 0.0780 1.0562 214213 2.0438 0 37436 0.1140 2.8395 13.2827 —62.4405 8.464 0.00447
. . . . —_ J
(s} Submatrix [u Ve
&, ma! !: 1].
' .

2 0 0 0 1 0 0 2 2 1 1 o o0 1 0 0 a 0 0 ¢

b 1 2 1 1 1 2 0 0 0 0 0 0 ¢ 1 0 0 0 0 0

P 3 0 1 0 0 ] 0 0 0 1 0 2 0 0 1 ¢ 0 0 ¢

a 0 3 0 0 1 0 0 1 1 0 2° o 0 0 o 1 0 0 0

0 0 0 0 i} ¢ 0 0 0 0 0 0 ¢ 0 0 (i} 1 0 (]

q —62.075 —§0.503 —17.288 —8.300 —18.183 ~—7.080 —13,080 —20.200 —I8.603 —10.674 —15.318 —8.706! O 0 0 0 (] 1 0

3 L o 0 0 0 . 0 0 0 o 0 0 o 0 0 ¢ 0 a. o0 0 1

(b} Submatrix ['r;‘] transposed.

FiovRE 8.—Numerical example of submatrices of correction equations for isentrople expansion to 1 atmosphen; for the reactlon of diborane with oxygen blfluoride after first estlmate of
ny A,and T,
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Gaseous molectles Atoms )
[l 1
TBFy THy0, IBF ZBE zBO I THy | o [ Zom i zEP zog ey IE zp IF zo Ta zr Const
s 0 0 0 L000 O ¢ 2000 2000 1LQ00 1.000 O 0 1000 0 0 0 —8.000 0 —0.909
b L0060 2000 1.00C 1000 LOGO 2000 C a 0 0 o 0 0 L006 0 0 —9.000 O© —5.879
c 3.000 0 1000 o 0 o o 6} 0 LOOO O 2000 0 0 L000 ¢ —8.000 0 0,735
d 0 2000 O 0 L0000 O 0 L000 L0000 O 2000 0 0 (i ) L000 —0.000 0 —2.207
s T 103.96+ 114773 71017  50.425 . 67.603 68.558 _40.067 T0.471 62002 50.067 6S.7HG 68.825 | 38.310 47.562 40.502 40.402 —I0°044 161162 —I163.234
h* 0.750 2.36¢ 2672 3.628 259 5778 1036 0.624 0.518 0347 0427 L026] 10S6 3215 0.89 0.85% —28.035 —7.113 —I3.760
(a) Submatrix [ﬂsg a:] .
I B -
| a 0 0 0 1 0 0 2 2 1 1 0 0 1 0 0 a 0 0 0
b 1 2 1 1 1 2 0 0 0 (i} 0 0 0 1 o 0 0 0 ]
c 3 (i} 1 0 o 0 0 0 0 1 0 2 ] 0 1 0 0 0 o
d 0 3 0 o 1 0 0 1 1 0 2 0 (i 0 0 1 o ¢ 0
a o a 0 ) ¢ 0 0 o ) 0 0 0 0 ) 0 1 0 0
q —62.075 —80.503 —17.288 —8.300 —IS 183 —7.050 —I3.089 —29.200 —I13.608 —10.674 —15.313 —8.705¢ 0 o 0 0 1 0
& —5805 —5.108 —1.63¢ 2601 —L038 2768 (0.406 0.347 0.167 —1.8% 0.350 3187} O 0 0 0 o ()} 1
(b} Submaitrix [:t‘:f] transposed.

FIGURE 9.—Numerfea! example of submatrices of correction equations for fsentropic expansion to local veloctty of soand for reaction of diboreme and oxygen bffinoride after first estimata of
n; Aand T

TABLES OF THERMODYNAMIC PROPERTIES

Tables of thermodynamic data, completed June 1949, are
presented for the following substances:

A Al(g) B C i F H e~ Li "\I 0o
Al S) B1 CO Clz Fz Hz F - 3 01
q) BF CO; CIF HCI1 Lit L]H NO OH
BF,; HF
A41,0;(gy BH H,0
A.I;O,(s) BO
Al:03(liq) B:0s:(g)
10:(3_)
B.10,(liq)

These tables are taken from NACA TN 2161 except that
the values for BF have been revised. Many of the data in
the tables are based upon estimated vibrational frequencies
or insufficient spectroscopic or thermochemical data to pro-
vide accurate data at high temperatures. Nevertheless, the
data are considered sufficiently accurate for engineering eval-
uations of performance of aircraft propulsion systems until
better data become available.

PREPABATION OF TABLES

The values of enthalpy and entropy below 1000° K and
the values of specific heat at all temperatures were based
upon data taken from the Literature or calculated by NACA
from spectroscopic data or estimated fundamental fre-
quencies. The calculations were made by use of the accurate
summation method described in reference 8 or by the use of
the tables prepared by F. J. Krieger of Douglas Aircraft
Company, Inc. based upon a harmonic oscillator. The

values of enthalpy and entropy above 1000° K were computed
from the specific-heat data and these values were then used
to compute the values of the remaining functions.

The thermodynamic funetions computed by NACA are

based upon the fundemental constants from reference 9 and
are given in terms of the thermochemical calorie defined as
4.18400 absolute joules (reference 10).

Specific heat—The specific-heat data were mterpola.ted
and extrapolated when necessary to obtain values of C; at
298.16° K and every 100° from 300° to 6000° K. In many
cases these O}, data were smoothed by the following method:
Values of the first differences of €, for 100° K intervals
8C, were plotted agdinst temperature and a smooth curve
drawn. New values of () were then computed from the
values of 3C; read from the curve. In some cases the new
C; values were tabulated to more decimal places than the
original data. Care was taken to see that the new € values
were within about 1 or 2 units in the last tebulated place of
the reference data in all but a few cases in which the refer-
ence data were megular

In order to minimize the labor required to integrate C2
to obtain the other functions, a linear variation of C; was
assumed by use of the equation

e

O:=61+62T N (46)

where ¢, and ¢, are constants evaluated for each 100° tem- __

perature interval above 1000° K.
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The maximum difference between a smooth function repre-
senting C; and the series of 50 straight-line segments repre-
sented by equation (46) is usually less than 0.005 percent at
any temperature. In a few cases near 1000° K the error
approaches 0.05 percent.

Enthalpy and entropy.—The data for enthalpy and entropy
below 1000° K were taken from the literature or computed

at the Lewis laboratory and when necessary interpolated to

give the values at 298 16° .K and every 100° from 300° to
1000° K.

The values above 1000° K were obtained by integration of
equation (46) for O, using the constants for each 100° K
temperature interval.

The value of the change of enthalpy 6H, for a temperahure
change §7=T—1T, is given by

T —o
SH— fT C2dT=T' 5T 47)
1
where E’: is given by
C,=(Cnt+3 T 48)

and (C;), is the value of C; corresponding to the temperature
T.. The corresponding change in entropy 4S7 is given by

50— f ::QTZ dT=c, 5 InT-+c,oT (49)

where §1n T is given by
6InT=InT—InT, (50)

Values of enthalpy and entropy for each 100° above
1000° K were obtained by accumulatively adding to the
values at 1000° K the changes of enthalpy and entropy
computed for each 100° 1nterva,l by means of equations (47)
and (49).

The velues of enthalpy and entropy were computed to more
decimal places than are tabulated and then rounded. Equa-
tions (47) and (49) may therefore occasionally yield values
that differ by one unit in the last tabulated place of enthalpy
and entropy because of rounding. Inconsistencies from this
source are unavoidable and are not considered in the following
discussion.

The representation of C; from 1000° to 6000° K by means
of 50 straight-line segments permitted computation of self-
consistent values of enthalpy and entropy but lead to values
slightly different from those that would have resulted from a
more laborious integration of a smooth C; function. For
example, the values of enthalpy at 6000° K differ from those
obtained by applying Simpson’s one-third rule by 0.0045,
0.0012, 0.0038, and 0.0031 percent for H;O, Hj, CO,, a.ndBFg,
respectlvely '

In a few cases, discrepancies exist between the reference
values of enthalpy and the values of enthalpy given herein
that cannot be accounted for by the error resulting from the
method of integration used. From an analysis of the values
in the reference tables, these discrepancies appear to be
caused by a combination of small inconsistencies and round-
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ing errors in the references. The maximum discrepancy
noted in enthalpy occurred in H;O and was less than 0.25
percent of the value of Hp—Hj.

Enthalpy H;.—For convenience of computation, tables of
enthalpy Hy, the sum of the sensible enthalpy I7;—H; and
chemical energy at 0° K Hp, were prepared. An arbitrary
base may be adopted for assigning absolute values to the
enthalpy of various substances inasmuch as only differences
in enthalpy are measurable. The base used in these tables
was selected to obtain positive values for Hy of the substances
commonly used as rocket and rem-jet propellants and occur-
ring in the products of combustion; it is shown in the follow-
ing table:

Enthalpy as-
Temperature
Base substance Phass slgned, HY
(eem (kcal/mole)
Qas 1] 4]
AlF, Crystal 208,16 0
BFy Gas 1] 0
COs Qas 0 0
Cly QGas 208,18 10
HF Gas 1] 0
Hy0 Crystal Q 0
Gas 208,16 80
N: Crystal 0 0
O3 Crystal )] [4]
e QGes 0 00

In determining the value of Hy to be assigned to a sub-
stance having a known heat of formation, it is convenient to
use the values of H; assigned to the elements as shown in
the following table:

Enthalpy assigned, Hy
(Lcal/mole)
Element Phase

0K 208.16° K

A Qas 1.4812
Al Crystal 238, 6251 234, 0951
B Cryatal | ... 178. 3703
C Qraphite 1. 9274 92, 1700
Cly QGas . T.8081 10. 0000
Fs Cax 60. 9562 0699
Hj Gas 67. 4160 64. 4407
Li Crystal | ... 132, 2250
Na | Gas 1, 6092 3.7718
0y Qas 2, 0362 4.1109
e- QGas 60. 0000 01.4812

For example, if the value of enthalpy H7 to be assigned
to HyO (liq) is to be determined at 298.16° K, the reaction
of formation would be ) o

H=+% 0,—H;0 (51
and AH7 is defined as
AH?=(H;>E,0—<H;>E,—§<H;)O, (52)
therefore,

With the use of the value AH;=—68.3174 (kcal/mole),
(H°m1u)ngomq)='—68,317.4+69,440.7-[—-%(4110.9)

=3178.75 {cal/mole)
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For convenience, the values of H thus assigned to a num-
ber of compounds have been computed with the aid of data
from references 8 and 10 to 23 and ere listed in table IT.
The energy of gas imperfections has been included in com-
puting the values- of H; assigned to the liquid phase of
ammonia, n-butane, chlorine, hydrogen, and water.

—AH°/RT and In K.—From the values of H and S7 ob-
tained as previously described, the values of —AH°/RT and
In K were computed for the reaction of formation of each
substance from its elements in the atomic gas state. For
example, the reaction of formation 6f H,O is

2H+40—-H;0 (54)
From the definitions of AH® and In. K
| AH®  (Hpmo—2Hpa—Hzo 55)
RT RT
and ’
- K=<S;)Ezo—2<R$:. a—(So_ Hpmo™ ;51;;)3 ~EDo (56

As shown by equations (3} and (4), K may be expressed in
terms of partial pressures. For example, for gaseous H;O,
P=y0
P=’Po

The values of In K have been converted to log K in the
tables for convenience.

K=

INTERPOLATION OF TABLES

Interpolation formulas are given that permit computation
of self-consistent values of the thermodynamic functions at
temperatures intermediate to those tabulated. Linear in-
terpolation is recommended for simplicity, however, when
& high degree of self-consistency is not required. Interpo-
lation formulas such as those of Newton or Lagrange will
give values near the self-consistent value. Inasmuch as the
tables are based on linear variations in C,, linear interpola-
tion yields self-consistent results for the C, function. An
example of the values obtained by the interpolation formulas
given and by lineer interpolation is shown for each function.

Interpolation of specific heat—The value of C; for any
temperature T is given by

C3=(O)t o (O (O]

where (C;); and (C;). are the tabular values corresponding
to the tabular temperatures T; and 7, between which T
lies and §T=T—1T,. For example, the value of C; for H,O
at 1573.4° K is computed to be

73.4
100

=11.287 (cal/(mole) (°K))

Interpolation of enthalpy.—The value of Hy for any tem-
perature T is given by

H:-:(H;' 1+523T
where (Hj), is the value listed at T} and where

(67)

C,=11.134+—-(11.343—11.134)

(58)
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For example, for H;O at 1573.4° K

5;=11-134'2*11-287=1 1.211 (cal/(mole) (°K))

H7=25,202.3+11.211X73.4=26,025.2 (cal/mole)
By linear interpolation,
H3;=26,027.2 (cal/mole)
Interpolation of entropy.—Self-consistent valuves of entropy

may be obtained with the aid of equation (49), which may
approximated by

8S;=0C. sIn T (60)
from which S7 may be written
Se=n+0, sl T

(61)
where (52), is the value listed at 7. '

Equation (61) yields self-consistent values to within 0.0001
(cal/(mole} (°K)) for all substances tabulated at tempera-
tures above 1600° K and for all substances except AlO;
(s and g), BF,, B0, (lig and g}, CO,, and H,O for tempera-
tures from 1000° to 1600° K. For these substances, the
error due to use of equation (61) does not exceed 0.0003
cal/(mole) (°K)), but equation (49) may be used if greater
self-consistency is desired.
For example, for H,O at 1573.4° K,

=59.86871+11.211 (n 1573.4—11% 1500)
=60.4043 (cal/(mole) (°K))
By linear interpolation,
Sz=60.4010 (cal/(mole) (°K))

Interpolation of —AH°/RT and log K.—The values of
—AH°[RT and log K for any temperature T are given by

—AH® /—AH° T
RT ~\RT ) 100 T'H’) (62
and
log K=(og Kh—155 T+d) (63)
where (—AH°/RT), and (log K); are the values correspond-

ing to 77 end where ¢, b, ¢, and d are interpolation coefficients
corresponding to 7j.
For example, for Hy,O at 1573.4° K,
—AH® 73.4/ 7366

—gT —6-8615—155 1573 4

By linear interpolation,

—AH®
RT

+0.05315)=72.8862

=72.9433
and for log KX,

73.4
100

3276

log K=20.5727 573 4T

0. 02690)—19 0247

By linear interpolation,
log K=19.0501
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SOURCES OF DATA

A summary of the heat of formation and spectroscopic
constants used in computing the tables and the references
from which these datas were taken are given in table III
together with a summary of the source and the treatment of
specific-heat, enthalpy, and entropy data.
cussion for a few substances follows.

Al;,03(s, lig, g)—The properties of Al;O; in the solid,
liquid, and gaseous phases were approximated by starting
with data at 298.16° K for the solid phase and computing the
properties of each phase from specific-heat data and enthalpy
changes associated with phase changes. The specific heat
for the solid was computed from & formula for C, given in

reference 27, The value of S% ¢ for the solid was taken.

from selected values of National Bureau of Standards (issued
undated but prior to June 30, 1948). The values of en-
thalpy and entropy up to 1000° K were then found by inte-
gration of the C, formule given in reference 27. The heat
of fusion (AH°uuea=6000 cal/mole at 2320° K) was taken
from reference 25. The C; values for Al,O; (liq) above 2320°
K were calculated from a formula besed upon data given
in reference 25.

Inasmuch as data on gaseous AI,O. are unavaﬂable in
the literature, it was assumed that C, values for ALO;(g)
are the same as those for B,O;(g) gi_ven in reference 29.
The heat of vaporization (AH cuportsatton=115.7 keal/mole
at boiling point of 29804-60° C) was taken from reference
40. The uncertainty in the values given for entropy and
enthalpy is estimated to be +£10 percent.

BF.—Since publication of Technical Note 2161, new

thermodynamic data have been computed for BF based
upon a !> ground state and a dissociation energy of 4.3
electron volts as quoted by reference 30, . .

BF;.—The thermodynamic functions of BF3 were computed
by the 11g1d-rotat,or—ha.rmon1c~oscﬂlator approximation with
the following spectroscopic data given in references 31 and 41:

Vibrational frequencies Moment of inertia
BuF, | BUT, ’
l em-) | (em-) (&) (em?}
n 888 888 Lm=157.7X10-4
s 601.3 710.5 Tyw78. 84XC10~40
n(2 14459 1497 I =78.84X10-%
¥ ’ 480. 4 482.0 - .
Relatlve .  abun .
dance (percent} .81.17 18.83

B;0; (g)-—The value for the heat required to convert solid
B;0; at 0° K to gaseous B;0; at 1500° K listed in reference
29 as 106.065 (kcal/mole) was used to compute the value of
(Homoo)ssoaw The values of (S:}oo)n,o,m and (HO —Ho)n,o,m
were taken from reference 29. The remaining values of

enthalpy and entropy were_computed by integration of the

specific-heat, data.

Cl; and HCL—The C; data for Clg and HCl from 1000°
to 6000° K were taken from unpublished date obtained at
the Jet Propulsion Laboratory of the Cahiorm& Institute of
Technology.

CIF, F, and F-.—Recent spectroscopic and thermochem-
ical measurements on compounds of fluorine (reference 42)

Additional dis-.
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have indicated that the values of the heat of formation of
CIF, F, and F- are considerably less than the values given
in reference 18. In a communication in May 1949, Dr. ¥, ~
D. Rossini of the National Bureau of Standards listed their
best current estimate for the heat of formation of CIF and

-F as —13.2 and 17.8 (kcal/mole), respectively. In accord-

ance with these new values, the value of the heat of formation

of F~ has been recalculated from data in reference 18.
HF.—The values of C;, H7,—Hj, and S for HF at 298.16° K

600° K, and every 1000° from 1000° to 6000° KX were

. computed from spectroscopic data given in reference 36

using the accurate summation process. Intermediato values
of C; were interpolated. Subsequent to the completion of
computations for this substance, new spectroscopic data
were made available by Dr. A. H. Nielsen of the University
of Tennessee. Values of Oy, Hy—Hj, and S7 at 5000° K com-

_puted with these data differ from values herein by 1 percent

for C;, 0.2 percent for H3—Hp, and 0.03 percent for S7.

e~, F-, and Li*.—The use of metals with low ionization
potentials introduces the possibility of the formation of
appreciable quantities of ionized produects. Because the
partial pressure of ions is expected to be small, the zero-
pressure properties of electron gas ¢~ have been tabulated
from reference 38. The properties of F~ have been computed
on the assumption that only the ground electronic state is
stable. (See reference 43, p. 218.) The contributions of all
energy levels above the ground level to the thermodynamic
functions of Lit are negligible. The value of C7 tabulated

for all these substances is gR.

Li—In computing the thermodynamic functions of Li, the

. summation was carried over the first five energy levels.

LiF.—Spectroscopic data for LiF gas were not found in the
literature. A vibrational frequency for the ground state of
1343 (cm™!) and & moment of inertia I,=15.415X1Q~*%
(gm) (cm?) were graphically estimated from a plot of forco
constants against difference in atomic number of the two
elements composing the substances NaH, C;, and BeO, cach
substance of which is isoelectronic with LiF. It is expected
that the anharmonicity constant for LiF is sufficiently large -
to increase materially the computed value of the specific
heat. The uncertainty in the value of the enthalpy and the
entropy is estimated to be 410 percent at 5000° K.

LiH.—Spectroscopic data for Li"H! given in reference 26
were modified for the normal isotopic mixture LiIl using
relative abundance percentages of isotopes and atomic
weights given in reference 44 (pp. 163 and 188, respectively).
The value obtained for the vibrational frequency of the
ground state of LiH is 1360.37 (cm™?) and for the moment of
inertia is 3.77246 X 10~% (gm) (cm?.

H,0(s), Ni(s), and 05(s).—The heat required to heat solid
H;0, N;, and O, from 0° to 298.16° K in the natural state
was taken from reference 37.

New data.—Subsequent to the completion of the computa-

‘tion for Hj, new values for C5, internal energy E°—Ey, and St

were publigked in reference 45 and differ from the values in
this report at 5000° K by 0.5 percent for €}, 0.1 percent for
Hy;—EKj, and 0.02 percent for S7.
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'I:ABLES OF THERMODYNAMIC PROPERTIES

The values of the functions of the 42 substances are given
in tables IV to XLV at 298.16° K and every 100° from 300°
to 6000° K together with interpolation coefficients for
—AH°/RT and log K at every 100° from 1000° to 6000° K.

Lewis Friear ProrrisioN LABORATORY,
NaTioNAL ADvisoRY COMMITTEE FOR AERONATTICS,
CreveELsND, OHIO, January 26, 1950.

APPENDIX—SYMBOLS

~ The following symbols are used in this report:

A ' number of formula weights of reactants

summation of each atomic type over products
of reaction per equivalent formula; with
subsecript, number of atoms of each element
within chemical formula; in thermodynamic
tables, interpolation coefficients

molar specific heat at constant pressure and
standard conditions (cal/(mole) (°K)}

specific heat coefficient for matrix

molar specific heat at constant volume and
standard conditions

-/ 0 log
D operator (b_log_T),

E; molar internal energy at standard conditions

€ internel energy per equivalent formula

Fr molar free energy at standard conditions

g gas phase of substance

H; chemical energy at 0° K and standard condi-
tions (keal/mole)

H; sum of sensible enthalpy and chemical energy
at temperature 7 and standard conditions
(kcal/mole)

H;—H; sensible enthalpy at temperature 7 and
standard conditions (keal/mole)

AH° enthalpy chapge due to formation of sub-

RT stance from its elements in atomic gas
state divided by RT

AH? enthalpy change due to formation of sub-
stance from its elements in standard state
(kealfmole)

k enthalpy per equivalent formula

KR enthalpy coefficient for matrix

h* sum of heat and kinetic energies per equivalent

_ formula

hefk ratio of Planck’s constant times veloeity of
licht to Boltzmann’s constant, 1.43847
(em) (°K)

I moment of inertia (gm) (cm?)

J dimensional consfant

K equilibrium constant

lig liquid phase of substance

M Mach number

A, molecular weight of equivelent formula

m, mass flow per second

N number of preduects of reaction

845

number of moles
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TABLE I—VALUES OF CONSTANTS FOR REACTION OF DIBORANE WITH OXYGEN BIFLUORIDE (B,H+5F;0}

. —
| Fixed Determined at estimated temperature of $000° K . o
Produst - _
i b ag cr .7} ST
(8, (AE/RTY: ) ©). Tor Ky T
Equivalent kealymole . : e
e o |l 216 1] s -
BF, 1| 1] of 8] o 72.172 —62.0753 105951 16.738 5. 6953
B20: 2| 2 0y of 3 283.435 —80. 5032 118.760 26. 660 5.100¢ T
: BF + 8| 1| o} t] o 262. 981 —17. 2884 73904 8.905 16342 ’
i BH 4| I 1 o | ¢ 356.994 —8.3004 6L 412 8.896 —2.6110 -
' BO s | t| of ol 1 262739 —18.1834 69. 620 9.085 10327
B: 6| 2| ol of o 572,053 —7.9502 70. 580 2923 —2 7625
H: 7)1 0 21 61 o 0. 583 —13.6985 51.05% 9.181 —0. 4061 -
u H:0 8 0 2 0 1 7,706 —20.2002 72458 13.300 —0.3470
' oH g | of 1| of 12 76. 580 —13.6031 63. 950 9.165 —0.1668 T
HF | o 1| 1 o 32.016 —19. 6736 61054 9.045 18344 T
i O il of e of 2 87.310 —15.8125 70.758 9.032 —0.3804
! Fa 2] 0 0 21 o 96.012 —8.5047 70.813 9.451 —3.1373 o
" B3| ol 1} o] o 106182 | oo 20.306  |° 4968 | e
B “| 1| of ol o UTTT® | o 46,549 4068 | oo T
F 5] 0} of 1| o 82601 | .. . EL230 49 | . -
I o 6] o] o] oaf 1 70.493 I 5L.470 BOOL | oo
; ;
TABLE II—ENTHALPY H: ASSIGNED TO SEVERAL SUBSTANCES
Substance Formula o ALl (heayy (Fatbelpy eslgned, | g _
Q! ETETLce
ety H;.(kmvmnla) A
| Acetylene. CiHy - 54194 2079903 1 .
______________ 0275
Afrb_ b o 3.8208
‘Alumingm o A _ 234, 6051
Ammonia 3 NHi.. 95.01
€88.01
.................... CeHagNHa_ . _______ £06.10 -
n-Butang. oo CiHuemee @586.108
«650.126 .
Ohlortne - oco oo e Ch 10.000 - -
e 61 -
Chlorine trifloride. - | ClF; 67.5 "
Diborane. | BaHgomm oo Gas Mg B
557,
Ethylene-diamine ........ CoHeNY emo oo 455,53
norine. - - 60898 | e
............. 60,04 18
Flueorine oxide. . ...co.- .} F1Q 1%} 0.6 18
______________ 884 18
Gasoline ¢ AN-F58. .- —47. 50y 60 U,
Heptane. | __ CrHu... —53.63 1147 16 12
Hexyane [87) - 1T I —47. 52 9L 84 12
375 P 12.05 161 10 10
szmo - —57.05 156,20 10 -
: 6. 407 | .
.............. o 67. 540 io -
vyt 28,71 18
—96.5 826 10
0 1822250 | eeomne. _
134.53 20,21
400,34 2
218,171 12
200,71 12
176. 080 2 -
1.368 10
14. 302 10 ~
5.120 10
0.3 10
84 8 10 -
176.6 7
86 12
e | o |
L0314 518
40.2
36.4 18
1187.2 16 _
121 3
13. 8088 18 -
o3. 1783 18 o

» For pressure of 900 mmm Hg.
b For eompostt:on eonsistmz o!fonowi.ng mole fractions: Nz, 0.750881; Ou, 0. 200485; A, 0.008324; C O, 0. 000300.
¢ Energy of
d Computed. from ge&u; of comhustkrn.
« Estimate based upon unpublished value of —26. 4 kcal/moleat zm*' C obtained by Dr.Swinehart otHarsha.w Chamical Campan
tBased upon representative sample having moiecular weight of 122 end hydrogen-carbon atom ratio of L.!
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TABLE III—THERMOCHEMICAL AND SPECTROSCOPIC DATA AND REFERENCES FOR EACH SUBSTANCE

Heat o(lk forma(tﬂ!:l)l, aH; _ 'ISD'ectroscop[c-c';mtants“ ) Reference

Nk

Substance Phase . ’ .

: : : Lo Moment of 8peclfic heat,

Fx 208,165 & mt —20562‘- inertla’) R fEea.tt Iof Sﬂfg‘fé" ezft.halpi. and Spelc‘;io%% lggat
. om-~ (gm) (cm ormetion
. 1 . constants @ m )

g

|-
3B =%e

EHE L

Boxi 8

L
]
moR
3

Q
—22.063
—64.2
—57. 7674
—08. 8174

0

s Specific heat, enthalpy, and entropy at 208.16° and every 100° from 300° to 1000° and specific heat for each 100° from 1600° to 6000° K were computed from speetrosoopic data given [n
:efere-nee Hsted by acourste satmmation method. —
b Data from selected values of National Bureau of Standards Issued undated but prior to I une 30, 1948,
e Graphlea.]ly amooth

Extra)
peol&)0 heat, enthalpy, and entropy at 298.16° and every 100° from 300° to 1000° and specific heat for eac]x 100° from 1000 to 6000° K were computed from spectroscopic data by rigld
rotator-ha.lm onie esofllator approximation.
See disoussion in text.
& Interpolated.
h Computed with aid of data in reference listed.
| Unpublished data from Battelle Memorial Institute alse used,
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TABLE IV—THERMODYNAMIC PROPERTIES OF A (ARGON TABLE V—THERMODYNAMIC PROPERTIES OF Al (GAS)
GAS) . [Atomic weight, 26.97]
[Atomic weight, 39.844) . - . _’
& - o - T - ¢ | H-B3 | -Hp sy i
ch ! HeEo | B o CB ( eal )| (& (kcnl) al_) =
( cal ) ( Eeal ( keal cal ) mole °& /| \mole mole mole °K,
mole °E mole mole mole °K.
[ — 0 200.5416 | o ___
---------- : g | TR | few |Gl gE
16 4360 Leg | M| BEn 100 oI | seaTiie | 40 reds
1 0680 1. 6872 1.9872 884497 500 8.0178 2 6734 803. 2150 419170 .
o s [ e | | nEl uE BE| i a
- [ 13 /]
o 1 o080 20| 28® | fam 1 £00 Cose | Alm0 | 0476 | Adoen _
800 1 9680 8. 9744 3. 0744 a2, . 800 4 9820 4. 6715 305, 2131 44,8541 _
200 + 0680 44712 4.4T12 42,4714 1000 4-9%00 5.1696 | 805.7112 45.3760 i
mrwm | es | sms | ams o | o oo =
1,100 49680 5.4648 434683 ; 2 ~
1,200 4 9as0 5. 0816 5. 0816 439008 1300 4. 9750 8. 6628 307. 2044 46. 6848
1,300 4 9680 6. 4584 6 44,2082 1400 4 9750 7.1602 807. 7018 1‘_.0534
1,400 49630 6. 9552 6.9552 44, 8664 1500 L 6732 7.8576 1 47,3066
e iom | em | rom | e REIE I ;
1,600 4.0680 7.0488 7.9488 45,3208 r . 1837 -
1,700 4 0680 8 4458 8.4456 45,6310 1800 49116 9. 1463 . 6308 48.3032
1,800 4. 9650 8. 0424 8. 0424 45,9140 1000 £ 9.646L | 3101560 48,5710
1,900 £ 0680 94302 9.4392 1885 2000 409 | 10.1435 | 310.6861
e v Ty mo | | pas | mE | g B
" i i ]
P 3300 I oo0 10008 | loome | isons 2300 Loz | Wes | nEmw | sesus
2300 1. 6680 11. 4965 11,4984 47,1327 2400 49700 121817 §12.6733 49. 7331 -
2,400 4 9680 I.0282 | 1L9233 47381 2500 4. 9600 12.6287 | 313.1703 49. 6360
e po | tke | mum | men | mon
o9 ~ d N
] o Zass | jzhs g gus 2200 Coges | ILI06 | 3146812 | m.4002
2,800 49680 129104 | 130108 | 481099 200 . 49690 | 146166 | 3151882 | 506738
2 900 1 0880 14 4072 14. 4072 48 9843 3000 4. 9701 151186 815. 6552 50.8421 |
e s s | sas mo| im Ene mm| onm
i 3,100 1.9830 15,4008 | 154008 48,6156 ; 5L
200 16650 158078 | 158678 | 48,7733 Lo7e | lofos g MGt bLaise
3,300 4 9680 16.3044 | 16,3044 48,9292 3400 T If-ﬁ 817. 6486
3,400 1.9650 g0l | 168012 | 40.07LS 350 LE38 | I 3181400 |  5L6dss .
3,500 L 9680 i7.3880 | 17.3880 10, 2185 30 s | o | smem oL 7156 =
- 4 [
e g S RS | B doror | 100021 | sieEsr | morm
3,800 9630 18.8784 | 1S.878¢ 49,6270 priod 1008 ) L. | snIs 140 -
3900 10680 19.3752 | 19.37%2 19,7881 2. L -
4000 49830 19.8720 | 16.8720 8816 am tgw | mwm | s
4,100 | 49630 20.3658 | 20.3088 50,0045 62,5163
4200 4 0680 208055 | 20.3656 50,1243 by Lo | Zooa f s21xe 52.6342 —
4,300 + 9680 213824 | 21.3624 50,9412 220862 | 322 6268 52 7102
g o el o e 4500 50122 | 228871 | 3281287 52 §618
e T it B AR |
4,600 4. 6650 228528 | 228528 50. 5768
£700 10630 233108 | 233108 | 50.e8aL 180 Sgoe | 2L0M6 | SLE6Z | B.1881
4,800 1.9680 28481 | 23.8i6d 50. 7876 0 | 25902 | 326, 408 58. 2001
50 T oo80 s | aame s 5000 5.0607 | 251040 | 3256485 53.3923
o e | e [ mme T s IR
e g now | e o0 5300 1004 | 206308 | azrltm | &.6%8
5,300 40630 23304 | 26,3304 | b5L2w@ s Slms | 7.l -6810 | 837843
5400 1. 9680 %8372 | 26.8272 | BL37R S0 & 140 - 8R/1E | B.8785 -
e T B g e B po | ommozm o mo| sm
5,600 £ 6680 or.8208 | a7.8208 5L 5535 . - 2814 54
5, 700 49680 Wz | 2ssrw | sleds o v R - o A
5,800 40630 %8144 | 288144 5L.7278 prr TAN | BED ) Bk &4, 2430
5,800 4 9680 293112 | 29.3112 518127 I . 1 Z i 54.3318 N
8,000 40880 205080 | 20.8080 518960
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TABLE VIL.—THERMODYNAMIC PRQPERTIES OF Al

(CRYSTAL)
[Atomic welght, 26.97]
‘e ~1 H
, 3 | B-m 2 & ;
CK) ( cal (keal) (kcal)- cal BT log
mole °K mola mole mole °K
0 | ceeemaee Q 238.8281 | s | mmene | e
28.16 5.80 . 1.0700 | 234.6061 g.ea1 | 1i37o2ic | 423388
300 5.81 1.0820 | 234.70m1 6.682 1 113.2214 | 42,0354
400 6,24 1.6880 | 2853111 8.819 84.7045 | 20.7284
500 8.48 23210 9481 9.844 67.7020 | 223085
800 6.60 2, 0760 1 | .o 17. 4927
700 6.8 3.6580 | 2Waem1 | 1207 481210 | 14.0077
800 7.15 43630 | @7.078L | 13.018 49704 | 11,4020
900 7.685 5.0800 | 2387141 | 13864 37.1822 | "9.8782
30 7.90 53240 | 238.0401 | 14130 35, 8.8566

TABLE VII-THERMODYNAMIC PROPERTIES OF Al (LIQUID)

[Atomie welght, 26.67]
T/ e ' ’ —5T/ ¢
T ¢ Hg—1g o o s [FCRD)=Tm(54) +log K=o (3+4)
B (p2e)] (2 (Lol (=) ' - EK :
mole °K mols mole mole °K a b ¢ d
20 6.75 7.8240 241, 4491 18.818 84588 | .| . 8. 8568
1000 6.84 8 2000 2419241 17.810 32,0093 2271 0.03216 7.8061 4 ~0.01065
’ 120 5005 Seom | main | Lo | mo s | e ey tm | ons
1300 7.218 10. 244, 0328 19,1620 24, 4535 2817 03174 4.8027 1087 —. 01023
1400 7.344 111358 244, 7609 19,6018 6239 2837 - 08160 3.8455 1009 —. 01887
1500 7. 470 11.8785 245, 5016 20, 2025 21.0340 2181 108 31917 041 —.01832
1600 7. 596 12. 6203 246, 2540 20. 6886 16, 6389 2045 0.03188 2, 6219 882 —0.01812
1700 7.72 T} 247, 0208 21. 1629 1. 1625 03165 21712 830 —. 01811
1800 7.848 141742 247, 7008 21. 5678 17.3030 1818 - 03166 1.6782 784 —. 01803
1900 7.074 4 248, K004 22,0255 16. 8145 1722 - 03160 1.2836 742 —. 01760
2000 | - 8100 15. 7600 22, 4377 15,4218 1636 03175 . %302 706 —. 01751
2100 " 8.996 2602104 22,8360 14. 6108 15658 0. 03192 0. 6130 —0. 01730
2200 8.352 17.4142 251, 0368 2.2216 13.8707 1487 .03 . 3244 610 —.01708
2300 8.478 18,1857 | 2818808 2. 5056 131928 1 - 03168 ~0632 612 —. 01700
2400 £. 604 19. 1098 252, 7349 2. 0591 19, 8877 1363 - 03100 — 1748 86 —. 01670
2500 8.730 |' 19.9786 253, 8016 24.3129 11. 9606 1300 - 03174 —. 3925 562 —. 01655
2600 8.856 254, 4809 24. 8877 1L 4554 1259 0. 08160 —0.5991 540 —0.01630
2700 8.982 2L 74717 238, 3728 24, 0043 10 9875 1212 . 08164 —. 71 520 —. 01631
2800 0.108 256, 2773 25,3233 1160 08170 - 501 —. 01
2900 % g%g = Eggg 27104 = ggg% 10. 0582 1129 08147 -y é%g 483 —. 01600
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TABLE VII—THERMODYNAMIC PROPERTIES OF AIO (GAS)

[Molecular weight, 42.97]
P Ho— =7 &8 (_AH“ _—aT(a ) _—aT(c )
r A r—Ho T T s PUER)T0lz®)) | | sesE-Tw (7
N @) G | GO |G| )
mole °K mole mole mole e [ ¢ d
......... ] 272 4501

248,16 7.8749 2.1005 274, 5505 52,1618 140, 9685 5. 5342 —
300 T 2,110 274 5641 &2, 2101 1480580 . 1348
400 7.7010 28711 2753212 112. 1309 42 9281
500 8.0424 3. 6615 276.1116 56-1482 89,6203 8. 1770
600 8.2530 4.4769 27T8. 9270 57. 6342 75. 1020 26. 6609
T00 8. 4035 53101 277. 7602 53,9183 21,9971 -
800 8. 5122 6.1 278. 6063 600479 56. 5311 18, 4930
900 85024 7.0116 2704817 61 0553 50.3305 [ — Wm7ee | .. —em——eaan
1000 8.6520 7.8740 280, 3241 619639 45.3658 456 | 13. 5755 1955 001513
1100 8.6003 416 281, 1017 62.7008 413011 4054 1L 7831 1 0.01320

8.7356 282, 0635 63. 5493 37.818 3719 10. 2874 1632 )
1300 8.7645 10. 4584 282 9385 64. 2406 36. 0425 34as . 9.0200 1508 01056
1400 8.7878 11. 3860 223. 8161 64. 6000 82 580 8191 . 9323 1402 .
1500 8.8069 12,2457 284 6008 65 6070 30.4487 2980 - 00470 6 0384 1308 . 00888
1600 8.8227 13.1272 235. 5773 66. 0750 23, 3815 2795 0.00388 6.161¢ 1228 0.00825
1700 8. 140101 288, 4802 66,6111 28. 6385 2632 §. 4308 uer . 00752
1800 8.8471 148043 7. 3444 67. 1165 25, 4682 2187 00245 4. T805 1094 . 00671
1000 8.8566 15. 7795 288. 2206 67 5061 24,1588 2357 00190 4.1080 1037 - 00630

8.8647 16. 6658 289, 85. 0466 2 976 2240 00163 3.6782 036 . 00598
2100 8.8718 17. 5524 200, 0025 68,4822 219081 2134 0. 00180 3.1977 840 0.00543
200 8.8778 18.4309 200. 8900 65.8051 ). 9368 2037 -00115 2. 7650 898 00517

8.8833 19.3279 291 7780 69. 2300 20. 0500 1840 -00102 2.3604 868 - 00508
2400 8.8860 20.216% 6666 . 19.2369 1869 20084 824 . 00480
2500 8.58922 21. 1085 293, 5556 70. 0309 4858 1798 00022 L6720 i ¥ 0477
2600 8.8660 21. 9949 204, 4150 T0. 3708 17,7982 1727 —0.00013 L3630 el 0.00453
210 8.8993 222847 70.7136 17,1587 1653 —. 00023 10768 ] .0o48
2500 8.9023 28.TT4T 204, 248 16. 5850 1605 —. 00085 818 708 -00406
2900 8.9050 24. 6651 297, 1152 71.3517 16.0122 15650 —.00087 . 34 - 00880
8000 8. 9074 25. 85T 200. 0058 71. 8536 15. 4064 1500 —.00127 . 062 00375
8100 8.9086 2. 4466 208. 8967 T1. 458 ) 1452 —0.00145 0.1129 640 0.00320
3200 8.0116 27.8878 209. 7877 T2 2087 14. 5816 07 —. 00156 —. 621 -U0382
3300 8 23.225% 300. 6790 2. 5029 14.1367 1895 00177 - 602 . 00364
3490 8. 9150 29,1203 0L 5704 727800 13. 7370 1326 —.00218 - o8t . 00364
3500 8.9166 80.0110 302, 45620 73.0275 13.8608 1259 —.00238 - 588 .00352
3600 8. 9180 30.9036 808. 3537 78. 2187 1264 —{. 00252 —0. 7052 552 000351
30 8.8103 31. 7055 804. 2456 73. 5230 12,6682 1221 - —. 5470 &38 00332
8500 32.6875 3051378 73. 7600 12,3407 1180 —. 00313 —L0e28 524 00824
3000 8.0216 83.5708 306.0207 9927 12,0477 1160 - —L2304 511 . 00315
4000 8.9226 806.9219 T4 2186 11. 7609 1132 —.00850 ~1.3613 4898 . 00314
4100 8.9235 35.3641 807.8142 74. 4330 11, 4883 1106 —0.00383 —L1. 4850 486 0.00318
4200 g.9244 36. 2585 . 7086 T4 6530 11 2289 1081 —. 0042 —1.6048 476 -00803
4300 8. 0252 87.1400 309. 5001 74.8630 10. 9817 05T —. 00443 —1.7183 464 00205
400 8. 8240 041% 810. 4916 75.06801 10. 7459 1034 - —1.8267 454 .00291
4500 8.9287 88.6342 811.3843 75,2607 10. 5208 1012 - —1. 8308 444 -00288
46800 8.90274 30,8269 32270 75. 4650 10.3057 91 —0.00515 —2.0209 434 0.00208
4700 8. 9280 40.7168 313. 1607 756579 10. 1000 a72 - —2.1252 425 00286
4800 89235 416125 314, (626 T8 9.9031 653 —. 0057 —2.2186 416 00800
4900 8.6291 42, 5054 314. 0555 76 0300 0. 7144 985 —. 00610 —2.80{5 407 00800
5000 8.9206 43. 8958 815. 8484 76. 2104 Q. 018 - —2. 3889 400 . 00287
Sl £, 9301 44. 2013 316. 7414 76.3873 03600 901 —0. 00667 —2.4702 gL 0.00301
5200 :% 45,1843 817. 76. 5607 0.1034 838 —.00707 —2.5184 384 . 00295
5300 8.9310 46.077¢ . §8.5218 76.7308 9.0333 j7p8 —.00740 —2.68233 877 00289
5400 8.0314 48,9705 319. 4208 TENTT 58794 857 —.00% -2 380 00301
5500 8.0318 47,8687 320.3138 77.0618 8.781¢ 848 —. 00814 —2. 7866 863 00298
5600 8.9522 48. 7069 221, 2070 77.2229 8. 85380 830 —0.00851 —2,8544 366 0. 00304
5700 8.9326 19.6501 832.1002 77.3807 817 —.0087 —2 8009 349 .00318
5800 8 . 8229935 77.5360 8.3188 805 —. 00204 —2.9682 843 .00316
5000 8.9332 GL 4367 323.8868 77.6887 8. 1924 ™ —. 00047 —8.0245 337 .
6000 8.9385 52.8300 324. 7801 . 8389 806887 | --——- - ——e———— -3




852 REPORT 1037—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE IX—THERMODYNAMIC PROPERTIES OF AlLO:; (CRYSTAL, «)

[Molecalar weight, 101.4]
¢ | E-Hw | #m | S - (B3 (£40) 7T (k)
P D 71000 ir ) T . _aEP 3 RT )™ \T+b g & &log K 150 T+d
(°K) ( eal ) keal keal ( cal ) RT -
Tmols °K. mole _ ('m‘ % mole °k e, b c d
o | il il il il b
208.16 “
300 i -
400 ' . )
500 | ool S e I I S = I SIS pp—
800
0 | oD DI | T
gg ........ — mm———— -
1000 0 237. (0838 o1 5480 2861479 2, 13, 106 0. 01700
1100 93, 7920 , 1680 25,870 £3.8027 11,287 0. 01187
1200 47486 241.8304 95 8741 238, 3576 23,786 74 4750 10, 361
1300 7. 1684 244.2462 97.8100 220. 2352 21,025 66. 6049 558 00516
1400 ) 218 6002 9. 6180 204. 5218 2,879 5.6726 | 8,878
1500 12. 0655 249.1493 101 3154 1608073 10,026 B3. 7610 8, 258 00170
1600 14. 5394 951, 6292 02. 9120 178. 9710 17,846 43, 5063 7,771 0. 00082
1700 17.0264 254, 1092 104. 4191 168, 4440 16,805 43,9972 7,815
1800 10.8217 258, 6055 106. 8459 150, 0836 15,878 30, 9331 8 610 -
1600 29,0267 250, 1105 107. 15,048 36, 2068 6 547 —. 00100
2000 24. 5302 2016230 | . 108.4890 143.1646 33. 0243 8,220 —. 00130
2100 27,0882 264, 1420 109. 7180 136. 3307 13, 623 30,0637 5, 924 —0.00133
29, 5881 264, 6660 110.862% 130. 1339 1008 27. 3758 5,656 —. 00160
200 39,1134 789, 1672 12 073 . 12, 447 24 9152 5 410 —. 00197
2400 26,374 34, 8485 71, 7323 118. 0962 119: 2707 11,033 22, 6830 5,185 —. 00210
2800 aK 408 37,1876 274 2714 114.13%7 114 4897 11,460 20,5011 4077 — 00105
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TABLE X—THERMODYNAMIC PROPERTIES OF ALO; (GAS)
[Moleculsr weight, 101.94]

H—E H S5 (_‘H“) _iT_(“ ) _:‘T( € )
r c r— Hzos.1 T T ae |PCEF) =T (7 e E slog K= ((Ztd
CE) ( cal ) ( keal ( keal ( eal ) 5T og
mole °K. mole mole tmole °K. a I3 c d
206.16 | 18.8144 0 76. 4666 125 1200. 9468 481.8055 | oo | oo
300 18,0368 0.0847 76. 5013 128160 | 11636027 478 6086 :
00 23,3603 21700 78. 6458 18,7545 805. 7857 0608
500 25. 5720 46362 §1.1028 1, 2285 716. 6606 grems | DT ) TTTTTITTUT
600 26.9132 7.2651 837817 29,0170 597. 1330 710, 3803
700 78434 10.0054 86. 4720 39,2103 B1L 6841 1823381 =
800 28. 5548 123266 89,2082 37,0064 447, 0BT 154 5672 .o
00 29, 1383 15712t 2. 1787 0. 4041 $07. 5684 — 132 0781 =
1000 29. 8430 18,8517 95,1183 43.5010 357, 5885 85,876 0_17566 115.7171 15,581 ~0.05118 o
1100 30. 21. 6386 98.1052 46,3475 324. 8553 32,625 0.10620 101 6037 14,164 ~—0.05083 T
1200 30,5138 24 8601 101. 1857 48,9841 207, 5583 29,915 -10188 $9. 8510 12,081 - X
1800 10, 0083 277401 2087 514491 274 445 o7, 620 09723 79,0143 11,888 —. 05000
1400 31,2818 30.5106 107. 8162 57182 250 6104 25, 653 ~08280 71,4043 127 —. 04840
1500 316136 33,9058 110.4624 559168 2974245 22,048 ~03050 10,885 —. 04013 .
1600 316651 37.1778 118. 6544 7. 0702 229.3675 22,454 0.08777 57.5042 9,785 —0.04857 T
1700 323380 40,3845 1168611 50,9202 206, 0715 2,137 . 51. 9163 o161 —. 04774
1800 326766 43,8452 120.1118 61 7782 107. 2431 10, 086 -08491 46,8748 8652 —. 04788 —
1900 48,9205 123. 3061 188, 6510 18,917 ~08300 423686 3,196 —.047
2000 33,8353 50. 2460 126.7135 65,2554 177. 1095 17,973 -08183 38 3178 7,785 - =
2100 22,6639 52. 5970 180. 0636 66. 8560 168. 4691 17,119 0.08114 34.6573 7,412 —0. 04549 e
2200 330870 56,9706 133 68,4634 160. 8026 18,348 07995 313337 7,004 —. 04185
. 3070 136. 2600 69,0812 153.4210 15,634 - 07858 6,782 — .
2810.657 | 3.3 61.0883 137. 5828 0. 2722 1820868 | oo | o 27.7400 T
2600 25.430 39. 7300 278.8138 115.1299 110.0760 11,024 0.00414 186788 4,736 —0. 00200 T
2700 25. 466 42 2762 29,3500 116.0005 106. 9580 10 619 R 16,9088 £ 608 —. 0101 o
25,491 44,8981 281 6066 117. 0170 102 1634 10,243 ~00188 15. 2645 g —. 00201
2500 25,514 47.3733 981, 4571 117, 9120 08 6505 9,892 ~00107 13.7341 4201 —.00212
000 25 49,9257 7. 0085 T 95,8611 9, 565 12 12 3039 4148 —. 00216 .
3100 25552 52. 4800 280. 5638 116. 6148 92. 2755 9,260 | —0.00105 10.9700 4,014 —0.00218 L
3200 25570 55,0361 292. 1199 4763 £0, 3528 8074 — 0.7158 3,880 —. 00218 -
2300 25. 585 57, 5039 204, 6777 121, 2134 £6. 6655 & 703 iy s 3770 —. 00192 -
3400 25.599 60- 1531 297 2360 1219774 841082 8,452 —. 00356 7.4346 3 6m —.00183
3500 25.813 62.7137 209. 7975 7197 818672 214 — 00487 6 8910 3, 555 — 00180
3600 25,624 85. 2765 302. 3593 178, 4414 79,4504 7,888 | —0.00542 54054 3,455 —0.00168
3700 25.835 67. 8385 304, 0228 124, 1538 T7. 2680 7,774 —. 00580 44783 3882 —. 00164
3500 25,845 T0. 4025 307 4563 124.5273 76, 9271 7,572 - % 3,273 —. 00168 }
3600 26. 855 72. 0675 310. 0513 125. 4036 73.2022 7.381 — 00745 27526 3,189 —.00145 :
4000 25663 75,5334 3126172 126.1432 7L 4544 7,199 —. 00815 1.8568 8108 —. 00140 o
4100 25.671 78.1001 315.1830 196. 7770 60. 7067 7,007 | —0.00%99 1.2000 3,033 —0.0018¢ o
4200 25,670 §0. 8676 317. 7614 127. 3957 05, 0496 6853 —. 00985 ] 2,960 —. 00117
4300 25_ 687 2369 320. 3167 128. 0001 68. 4564 6,707 —. 01062 —. 2080 2890 —. 00082
4100 5. 603 85,8040 SR8y 128. 5007 64. 9477 6,557 —.0lI1L —. 3638 2 mot —. 00076
4500 25699 §8.3745 325.4583 129.1681 63. 4967 6414 —. 0185 —1.4907 2761 —. 00073 —
4200 25. 708 90.9447 378, 0285 129.7330 621142 678 | —0.01244 —2.0002 2,700 —0. 00057 -
4700 25.710 98. 5154 330. 5202 130, 2859 60. 7500 6,147 — 01313 —2 6641 2642 —. 00042 -
4500 25716 96.0867 333. 1706 130,833 59,6234 6,028 —. 01858 —3. 2141 2587 —.00038 ;
4900 25.720 335. 7423 13135675 583081 5,003 —. Q140 —3. 7417 2,533 —. 00020 .
5000 25.725 101 2308 16 181. 8772 57.1418 5,788 — 01510 2482 —200007 -
5100 25.729 108. 3035 210, 5873 1823567 86,0221 568 | —0.01682 —£. BT 2,438 0.00002 ) —
5200 25733 106.3768 343, 4604 132 8363 5 562 | —.01642 —5.2028 2,355 - 00030 :
25,737 108. 8501 316.0339 133, 8765 53.9111 5471 — Q1715 —5.8529 2330 00045 o
5400 255 1115240 3186078 133. 8576 529151 5373 — 03781 —8.0866 2204 ~00071 -
5500 25.745 1140953 3511521 134 3300 5L.9580 5,279 —. 01838 —6. 5043 2 252 - 00086 i
5600 25.748 118. 6729 853. 7567 134. 7030 510817 5158 | —0.01908 —6.0073 2,211 0.00081 T
5700 5. 762 119.2¢79 856, 3317 135, 2467 50.1406 5,100- —. 01961 -1 2172 -00102 =
5800 25,756 258.9071 135. 6976 49.2209 5,016 —.02M7 —7.6718 2133 00117 =
5000 2.5 124. 3001 3614820 138, 1370 48,4609 4035 —. 02100 —8.0343 2096 00137
000 25.763 126.9753 36L 0502 186, 5700 meaes | ..l U —s8es0 | | .. L
TABLE XI—-TE_ERMODYNA.’.\IIC PROPERTIES OF AlLO; (LIQUID)
[Molecular weight., 101.94]
Hy—H, . . (-4E)-3T(2-0) 2T (£ 4+4) o
o a1 | HE S5 (-%F)~Tm (T+b dlog K=z (5
kcal —_— log K
B | _a (moe) | (zay |(otg)| =
mole °K @ mole mole °K a '] c d
219.57 35.79 67.0670 142.5336 72.8503 150. 7848 15, 518 0. (4987 27. 7409 6,646 —0. 05086
35.95 89, 9520 146. 4186 T4 0819 145 481 14, 095 - (850 25,5477 6 441 —. 05000
2500 36.15 78. 5570 150. 0236 TE.5535 | 130.4006 14,336 -03828 2. 0213 6 181 —. 0911 o
2600 36.85 17.1820 153. 6486 769758 188, 9144 13.844 0. (4750 20. 6631 5.941 —0.04507 T
2700 36,55 80,8270 157.2936 7%.3500 128. 7304 13,332 - 04537 18. 5408 5, 718 —. 04704
2500 3676 ££ 1020 160. 9536 70,6837 125, 0306 12,855 . 16. 5457 5 512 —. 04620
2000 36.96 88. 1770 164 6136 £0. 9768 116. 453 12, 416 -04808 14 6318 5,310 —. 04330 -
3000 3r.18 913820 168. 3486 82 232¢ 115. 2656 12 004 - 04554 12 9636 5,140 —. 04466 —
8100 37.95 5. 6070 1720736 234543 111. 3478 11, 618 0. 04508 113502 4,972 —0.04395 T
8200 7. 99.8520 175.8186 84 6432 107. 6721 257 - 04439 o 4814 —. 04308
3300 37.76 1021170 170. 5836 85. 8018 104 2165 10,018 ~04372 8. 4247 4688 —. 04235 -
3300 x 9020 3686 88, 9317 100. 9818 59 0432 7. 0947 458 —. 04154
3500 3|15 110. 7070 1871736 88. 0347 97,8901 10,268 04284 58431 4,305 - -
3600 38,35 114. 5320 100. 6986 89.1122 94. 0669 10, 013 0.04228 4.6638 4,211 —0.04052 '
700 38,55 118.3770 194 8436 20,1857 922884 9,745 -04163 3. 5405 4158 —. 03979 -
3800 | 1222420 108. 7086 91.106¢ 59, 8323 g, 491 ~04101 2 4964 4,042 — 03821
3600 © 2805 1261270 | . 2025036 922055 87,1577 8,250 04040 L4692 3,938 —. 03870
4000 30.15 180. 0320 206, 4686 631942 SLRME | .. N R, _5530 A

s Enthalpy change in converting AlOs (crystal, e) at 298,16° to AlO; (fiquid) at temperature indfeated.
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TABLE XII—-THERMODYNAMIC PROPERTIES OF B (GAS)
[Atomie weight, 10.82)

T Ccg He$—HS Hg Sg
Ky cal (kcal) (kcal) ( cal
mole °K mole mole mgle °K
0 | e 2600898 | omeme-
208.16 4. 9704 1. 6007 270. 5793 36.0493
300 4. 9704 1.5188 270, 5884 86. 6798
400 4. 0803 2.(168 271. 0854 88, 10%
500 4.9688 25127 271, 5823 80. 2183
600 4.0688 3, 0026 272. 0792 40,1243
700 4. 0684 3.5084 272, 5700 40. 8902
800 4 4 0033 273. (r0 41. 5536
900 4.0¢82 4. 5001 273, 42,1388
1000 4. 9082 4.9050 274. 0665 42, 6626
1100 £.0082 5. 4937 274, 5633 43,1370
1200 4.9081 5. 9905 275. 0201 43
1300 4.6081 6. 4874 275. 5670 43. 9059
1400 4. 9081 6.9842 276. 0538 44,3341
1500 4. 9681 7.4810 278, 5506 44. 6789 '
1600 4.9681 7.9778 277.0474 44, 0978
1700 4,0681 8.4748 277. 5442 45. 2087
1800 4 9714 2378. 0410 45, 5827
1000 4, 0680 9. 4682 278.5378 45,8518
2000 4. 9080 9. 9650 279. 0348 46,1081
2100 4. 9680 10. 4618 279. 6314 46, 3485
2200 4,980 10 280. 0282 44, 5706
2300 4, 9G8R0 11. 4554 280. 5250 A
2400 4. 0680 11.9522 281, 0218 47,0110
2500 4.0080 12, 4490 281. 5186 47, 2147
2600 4. 0880 282, 0154 47, 4005
2700 4. 9680 13. 4425 282. 5122 47. 5970
2800 4. 9680 13,9394 288. 0000 47. 7777
2000 4, 8680 283. 5058 47, 9520
3000 4. 0980 14. 8330 284, 0020 48.1204
3100 4. 0680 18. 4208 284, 4004
3200 4.9680 18, 9266 284. 0962 48, 4410
3300 4, 9680 16. 4234 285. 4030 48, 5839
3400 4, 9680 16. 9202 285, 9898 48, 7422
3500 4. 9680 17,4170 284. 4866 8862
3600 4. 0880 17,9138 286. 49,0202
3700 4. 9680 287. 49,1623
3800 4. 9680 18, 9074 287, 8770 49, 2048
3900 4. 9880 10. 4042 288, 4738 49, 4238
4000 4. 9881 10,9010 | 288.9700 49. 5496
4100 £ 9081 20. 3978 280. 4074 49,6723
4200 4, 9681 20. 8946 288, 9642 49, 7920
4300 4, 0682 21, 3014 240, 4610
4400 4. 9682 21 280. 9579 50. 0231
4530 4. 0683 22, 8851 201, 4547 50,1348
4600 4. 9686 22, 8819 201. 9515 50, 2440
4700 4. 9688 28, 3788 202, 4484 50. 3500
4800 4. 9688 23, 8750 202, 0452 50. 4556
4900 4, 9690 24,3725 203, 4421 50, 6579
5600 . 4.9692 24. 8694 203, 9390 50. 6583
5100 4 9604 25. 3604 204, 4360 50. 7587
5200 4. 8697 25, 8833 204, 9320 50. 8532
5300 4. 9701 295, 4209 50, 9479
5400 4 9705 28, 8574 295, 9270
5500 . 49710 27,3544 206, 4240 51.1320
5500 4.9716 27.8516 206, 9212 51. 2216
570Q 4.9722 28, 3487 97, 4188 51. 3006
3800 4.9728 28, 8460 207, 9186 51. 3861
5000 4. 9736 208, 51. 4811
6000 4.9745 20.8407 | 208.9103 51. 5647
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TABLE XIIT—THERMODYNAMIC PROPERTIES OF B, (GAS)
[Molecular weight, 21.64]

br A\ —sTf¢ —5T( ¢
L3 p— e —— -—— —_— B e [
. ce H3—H9, Hg S3 a( =)= (T+b) 5log K= (T-[-d)
€K (l (@_) (kml ( cal ~ET log & =
mole °K mole mole male °K - b ¢ d
[ I 0 468.66852 R SR [ S
296,16 7.289 2.0834 411, 7556 48. 652 118.8190 16,2180
300 7.205 2.1068 470. 7720 43.607 1180683 45.8995 - -
400 7.645 2.8510 471.5102 50841 88,8312 33.0562
500 . T.950 3633 4722680 52584 71.3228 253251 z
800 8.165 4308 473.1050 34052 59. 5932 20. 1558
700 £.330 52616 4739208 55.323 51. 2012 16,4542 -
£00 8 450 6.1042 4747694 56,444 44 8980 13.6718 -
200 8.540 6.9537 475, 6159 57. 445 20,9809 11. X032 _ -
1000 8608 7.8115 4784767 58.348 360508 9.7 1552 0.01399
1300 8.665 8. 6751 477.3403 50.1711 33,8406 8.8307 1413 0.01210
1200 8.704 0. 5438 478 288 5. 9267 80. 166+ 7. 1501 1296 - 01138
1300 8.738 104157 479. 0809 60. 6248 27.8388 6. 1418 1 -00999
100 8 764 11. 2808 4709560 6L 2732 25. 0347 5.2761 1113 .
1500 8784 12.1682 480.8834 61 8758 242447 £ 5247 1040 .
1600 8.808 13. 0475 481 7127 62,4461 22,7653 3.8661 o768 0. 00783
1700 8.820 13,9287 482 5039 62,0803 21, 4596 3.2841 919 00784
1800 8.882 14 8113 4834765 63. 4848 20. 2683 2. 7659 869 .
1800 8.842 15. 6950 484 3602 63. 6628 19.2591 2.23016 82¢ - 00650 )
3000 8.8052 16. 5797 485. 2440 64 4161 18,8235 - 18831 84 . 00507 3
2100 8.860 17.4653 456. 1305 84,8484 17. 4780 1. 5038 4T 0.00565
8.868 18.3517 487.0169 5. 2608 187070 1.1536 Tl 00527
2200 8.874 19,2388 7. 0040 5. 6551 16 .8429 653 . 00522
2400 8.890 2. 1265 488, 7917 66. 0329 15,3593 .5531 855 - 00500
2500 8.884 21,0147 489, 6790 88,3055 14. 7661 . 630 00449
2600 8.888 209033 66. 7440 14,2185 0.0303 605 0.0046
2700 8 891 22,7922 4914574 7. 0795 13. 7114 —. 1296 B4 00425
2500 23, 6315 402 3467 7. 18. 2405 —.402¢ 564 00392
2900 8.808 1082364 67.7151 12.8019 —. 6608 545 .003s3
3000 8.901 25.4611 404.1268 63.0168 12,3026 -7 sor 00870
3100 8.903 26. 3518 195.0165 €8.3087 12.0096 2600 811 0.00341 '
3300 8.908 7. 2418 405, 9070 6. 5014 11. 6505 —L121 495 00340
3:00 8.908 28.1325 4967977 68, 8855 113132 —1.2785 481 00323
2400 8.910 20.0234 447, 6856 60.1314 10. 9936 1048 —1.4212 486 .
3500 8.012 29. 9145 408. 5797 - 69.8808 10. 6962 1016 -00088 —1.55TT 453 00827
2600 8.015 20. 8058 4004710 60. 6409 104134 988 0. 00057 —1.6868 441 0.00311
8700 8017 31,6974 B50G. 3626 63,5852 10. 1458 961 . 00081 —1.800L 429 00311
3500 §.910 325892 BOL2644 | 70.1230 0.8028 986 . 00030 —1.925L 419 00286
2500 5.921 83,4812 B502. 1464 70, 3547 9.6518 912 . 00080 —2.0354 408 00280
2000 8.9 343734 508.0336 70. 5306 - 9.4932 889 L2GO5T —2.1402 398 .
4100 8.025 35.2658 503.0310 705008 9.2058 §6T 0.00067 —2.2401 858 0.00268 }
4200 8.027 86. 1584 5048238 710160 8.9887 847 00052 —2.835% 380 00253
4300 8930 7.0513 505.7165 71, 2261 85012 827 00035 -2 371 .00258
4100 8.032 T. 0444 506 6096 714514 86127 06054 —2.5132 383 00253
€500 8.935 38.8377 A 71 6822 8.4326 780 00065 —2. 5064 355 .00253
8.937 39.7318 508. 3985 71.8286 8.2602 73 0.00063 —2.676L 848 0.00236
4700 8.940 40. 509, 2004 72.0208 80951 758 00070 —2.75%5 341 00228
4300 8.944 415194 1846 T2 2091 7.0389 740 00078 8258 334 00224
4000 8. 947 42,4139 5110701 72.8935 7.'7851 24 00000 —2.8062 327 00220
5000 8.951 48.3008 511, 9740 72,5743 A 710 00088 —2.0638 s 00216 ~
5100 8.955 5128608 72.7518 7.4003 895 0.00105 —3.0280 315 0.00212
5200 8.969 45,0998 513.7650 729265 . 3646 —38.0918 309 .00210
5300 8963 45,9059 §14.6611 73.0062 7.2819 860 00101 —3.1520 303 .
5400 8968 46,6925 B15. 3577 73. 2638 7.1100 858 00113 —3.2102 208 .
5500 8.973 47.7895 B516. 4547 734284 6.9693 64 00110 —3.2864 293 00158
5600 8.970 486871 517.3523 73. 5001 6.8735 632 0.00122 —3.3206 288 0.00187
500 8985 49, 5853 518. 2505 73. 7401 6.7614 620 00130 —3.3730 23 00191
5300 8 901 50. 4841 519.1403 0054 6.6532 610 00181 —3.4287 278 00183
3000 8.008 51.3836 520, 0488 74,0392 6.5485 500 .00137 —3.47%7 73 00190
6000 9.008 52,2337 520. 9489 74. 2105 6.4478 e | oo — —B.5201 | o—oeeo- SO S —
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TABLE XIV—THERMODYNAMIC PROPERTIES OF BF (GAS)

[Molecular weight, 20.82]
N T
¢ - Ha—Hg Hp 8;- 3 (—AH }- ‘T( +b) & log T .€_+¢')
T i AH® T o8 K 100 \ 7
°K) cal ) (koal kealy - ~“RT - o
mole’RK male ole P e é
[ I R _— 0 . 218. 175 - - - —

208.168 7. 0696 20789 22(. 2548 47. 9001 160.0481 | commr | mememmmeme | O7.B887 | emeem | s

300 7.0729 2.0010 220. 2678 47. 0437 188. 0215 -

400 7.8044 2.8101 220. 9860 50. 0081 126. 4173 R, e m————

500 7.5718 3. 5339 221.7298 51, 6668 1014208 | _ceoii | aeeeeeen | BREE8 | e | e

600 7.8148 4.3236 222. 4895 53. 0604 84. 7288

700 0158 5.1165 2923, 2014 54, 2897 T2.7

800 81760 & . 2241013 55.3710 63.8146

000 8.8024 6. 7496 224 56.3416

1000 8.4025 7. 5850 225. 7609 57.2217 51. 2304

1100 8.4822 8.4293 228. 6053 58. 0204 46. 6462
1200 8. 5464 9 227, 4568 58. 7673 42,
1300 8. 5086 10. 1382 228. 3142 4535 39. 5842
1400 8. G416 11.0003 220. 1762 60. 0924 36. 8086

1500 8.6770 11.8663 230. 0422 60. 6898 34,3975

1600 8. 12. 78566 £230.9115 41. 2508 82.2885
1700 8.7318 18. 6075 28L 7834 61. 7704 30.4268
1800 8.7538 14. 4818 232. 6677 62. 2791 28. 7708
1000 87717 15. 3580 238. 5340 62,7628 7. 2886
2000 8.7875 16. 2360 234. 4120 63. 2032 25, 9541
2100 8.8018 17.1185 238. 2014 63. 6323 4.7
2200 8 8133 17. 0962 288. 17122 4. 0420 23. 8480
2300 8.8239 18.8781 . 0540 64, 4340 22, 0449
2400 .8.8332 10.7610 237. 9369 64. 80498 21. 7250
2500 8.8415 7 238. 8206 85. 1708 20. 8788
2600 8.8489 21. 5282 239. 7062 65. 5176 20. 0971
2700 8. 8855 2. 4145 . 240. 5904 65. 8516 19.8783
2800 8.8614 23. 3003 241, 4763 668.1737 18.7011
2000 8.8668 24. 1867 242. 3629 18.0751
3000 8.8716 25. 0738 243. 2496 66. 7856 17,
3100 8. 8780 25. 9810 244. 1370 B7.0764 18. 8440
3200 8. 8800 26. 8488 245, 67.8583 18. 4314
3300 8.8837 X.7370 243. 9130 6/. 6816 18
3400 8. 8870 246.8015 87.89a9 15. 4664
3500 & 20,5144 247. 8004 68. 1545 15. 06380
3800 8. 8920 30. 4036 248, 5795 68. 4050 14. 6650
8100 8, 8055 31. 2830 249. 4690 68. 8487 14. 2830 410 . 00287
3800 8.8970 2. 250. 3586 68. 8860 13. 9210 508 (026
3800 oGL 33.0728 251, 2485 68. 1171 18. 5776 579 00275
4000 8. 0022 33. 8027 1386 6. 3426 13. 2513 565 00270
4100 8.9041 34. 8830 253. 0260 69. 5628 12. 8408 551 0. 00
4200 8.00:0 35.7435 258 9195 898, 7768 12. 6452 538 . 00268
4300 8.9075 36. 6342 254. 8101 60, 8865 12 3633 526 . 002556
4400 8. 0091 37. 5250 266. 7008 70.1913 12. 0041 514 00258
4500 8. 9105 38.4180 258. 920 70.8018 11.8360 503 . 00245
4800 8. 9119 80.3071 . 257.4830 70. 3874 11. 5808 1105 . 0. 00049 —1. 8600 492 0. 00282
4700 8.9132 40. 1083 . 258.8743 70.7790 11. 3553 1082 . 00038 —1.9741 482 . 00238
4800 8.0144 254. 2657 70. 06687 111205 1060 00017 —2.0760 472 . 00237
4900 8. 0185 43,9812 280. 1671 7L. 1508 10. 9130 039 _ . 00020 —32. 1758 463 . 00230
5000 8. 9165 42,8728 _ 261.0487 71.8306 10. T 1018 7 . 00019 —2 2704 454 . 00218
5100 8. 0175 43. 7645 281, 0406 71, 5072 10. 5052 998 - 0. 00018 —2 3618 445 0. 00222
5200 8. 9184 44, 6563 262.8322 8804 1¢. 3131 . 00008 —2. 44 437 . 00205
5300 8.0143 48, 3483 263. 7242 71.8503 13 980 -2 . 00206
5400 9202 48. 4402 264. 6161 720170 9. 8503 943 00015 —2 6154 421 . 00205
5500 8.9210 47.3323 5082 72. 1807 9.7787 926 L 00004 —2. 6040 414 . (197
5600 8. 8217 48, 2244 206, 4003 72,8414 9. 6138 10 0. 00005 —32.7600 407 0.00190
5700 8.0224 49,1166 267 2926 72 4004 0.4536 894 _ —. 00004 —2.8432 . 00183
5800 8. 9231 72 6548 9. 2085 879 —. 00008 —3 9140 303 .00170
5000 8.9237 50. 9013 %0”71 9. 1508 834 | —. 00010 -2 387 . QUIB0
6000 8. 9244 72. 8571 8.0067 | - P —3.0487 | eaoa-- —————————




GENERAL METHOD AND TABLES FOR COMPUTATION OF EQUILIBRIUX COMPOSITION AND TEMPERATURE 857 o

TABLE XV—THERMODYNAMIC PROPERTIES OF BF; (GAS)
[Molecular welght, 67.82]

- T elnom
. cs Hy—Hy H st e )T (1) smgK-——(,,,+d)
©°E) ( kesl ( ( cal ) “ BT g K _—
mole °K mole mole mole °K Py b c d
0 e 0 0 S )
20318 | 120621 2.7812 2.7842 BO-E0c8 | 7043124 288 7741 }
300 12.008L 28088 - | - 67712 | T00.0206 284 3081
100 13.7643 41030 L1020 644904 | &28 28,3288
500 1810504 5. 5471 5.5471 T.7081 | 42L 4916 TN S SR I
600 16.0460 7.1046 7.1046 3516741 182.0708
700 16.7919 8 7452 87482 78.0755 | 307803 ugests | oD | I =
800 10 4570 10. 4670 75.356% | 164.2235 .
20 I7.7915 12 2154 1221 470 | 2850185 suipo | SooTTD | CITTTTTTT 3
1000 1£0120 140120 TH3197 | ZIL63I¢ 708915 0168 0.02185 _
1100 18.3922 15.8380 16.8380 S1.0508. | 192.4805 62,5341 8330 0.01523 _
1200 18,6020 17. 6878 17, 6678 176 5085 55,5667 7648 ~01482
1300 18. 7781 10. 5566 19. 5568 841650 | 1629868 40,8630 7068 ouso |,
1400 18012 214109 4408 85,5613 | 1513893 1619 8561 “00m;
1500 19,020 23,3378 23,3878 85,8700 1413830 40,2285 6128 2007 ~
1600 10.1228 25.8453 88,1010 86,3018 5745 0.00600
1700 10.2035 27.1616 27.1616 80. 124 7591 33,0057 5405 ~00540 . T
10.2720 29. 90.3628 U 7 299958 5110 “00143 =
1600 102306 31,0155 310155 ol40% | 111680 17,105 01520 27,3014 4512 ~00400
19 3818 329511 az.osm1 923967 | 106.0978 | 10,554 SRS 2y 8764 4801 “00a3s
2100 10.4262 24,8915 34 8915 93.345¢ | 10L0585 | 10,085 | 01135 22 6821 4383 £.00253 -
10.4635 36,8359 36,8380 94,2409 96. 4767 g, 601 . 20.6870 00267
19,1671 38,7839 38,7830 85. 1159 922034 E1s8 ~00s90 18.8652 1003 _
2190 10. 5268 40,7351 10,7351 05,0458 §8.4580 8,808 “oars0 17,185 sa Z00190 :
2500 10, 42,6801 42 8851 96,7440 84028 g 458 00850 8533 3 ~00165 -
2500 19. 5766 44,6488 446158 o7.5113 816368 8138 | 0.00608 14.2307 3543 0.00148 .
7700 10. 5076 16,6043 45,6043 o3 75,0483 7,838 00560 12 9280 3413 -00133
10.6165 48. 5650 48.5650 93. 0836 75,8452 7, 665 ‘00503 117081 3201 00107 .
2900 50.5275 5C. 5275 0. 73, 2850 7, 206 100450 10.5702 3178  0008: -
3000 10.6488 52,4016 52,4016 1003181 70. 7085 7,054 ~to412 9. 5100 00063
3100 18.66%6 BA. 4572 5L4572 | 100.9625 68. 8180 aser | 0.00396 8.5182 2078 0.00004
3200 10, 6753 56.4241 56 10L 5871 66,3815 8,615 . 7.5882 2580 00087
3300 10. 6567 B8.3922 s8.323 | 10219% 84 3735 8,416 00304 8.7148 2753 :
3400 10,6972 60. 3614 £0.3614 | 102 7BOS 62 1834 6,28 : 5.8928 2711 ~00083 -
3500 10.7069 62.3816 623316 | 103.3616 60. 7011 & 081 -0a267 51180 2634 -00063
3600 10.7168 £4.8027 6L " 103.9069 30.0177 5,88t | 0.00288 258 0.00054 .
3700 10.7240 682747 88.2747 | 104 4453 57,4251 5725 -0023z 3.6010 2192 “oaost .
10,7816 2475 882475 | 10497 55,0163 5,675 “oo2it 3,038 227 :
3900 10,7856 70,2210 70.2210 4880 5. 5,483 0iss -| 2412 : N
2000 10,7451 72 1082 721052 | 1059868 51245 5,208 ‘ootz L8218 | 2806 100028 N
4100 10.7811 74,1700 741700 | log.4734 51.8308 5,160 | 0.00169 1.2586 0.00029 -
4200 10. 7667 76, 1454 1454 | 1069404 50, 8382 5,046 ~0016 17228 2196 00080
~1300 10,7610 78,1213 78,1213 | Ioj.4ldd 19,481 4,920 oy | . 216 2145 00030
1100 16. 7688 £0.0077 80007 | 107 49,3013 £817 Z00146 — e 2007 00020
1500 19,7714 82,0748 8207146 | 1083130 47,2201 £m T —rind 2050 ~00025
1600 18.7787 84.0519 84.0510 103. 7476 46,2040 4,600 00118 —1.1888 2006 0.00019
4700 10,9777 95 0205 86,0205 | 108.1720 5. 223 £512 “go100 —L 6153 1g63 ~00014
16,7814 88,0074 £9.007¢ | 100.5508 442813 448 - go0g7 —2.0244 ~00026
4900 107840 89.9857 - | 80.0857 | 109.0072 48,3758 4 3% : —Z 460 1853 Zogo20 -
197882 o1-9844 L0644 | 110.3670 2521 4282 : —2 7987 1845 ~00024 -
5100 10.7913 £3.0484 93.0434 | 110.7889 41.6705 4,180 0.00078 —3.1567 1808 0.00022
5700 19,7942 95,0226 95,9955 1111722 10,8789 07 - G0078 —g.5038 1778 20008 .
197369 7. 0022 or.0022 | 11I.8503 40,1085 £002 ] —32.8388 T “oou1s )
5100 10.7095 0g. - 8520 1110204 39,3686 592 : —£ 1614 1708 “00025
5500 190 1018621 101.8621 1122837 33,6518 3,857 00065 44T 1678 Z00016
5600 10.804 | 108-82¢ | 108824 | 112640 37.9622 8,70 | 0.00058 —~4.7720 0.00008
5700 10.8067 | 1058230 | IosE20 | 1129010 372989 2722 ~5.0612 1619 ~00016
5800 19.8089 | 107.8087 | 1078037 5 386548 3,650 “000s3 —53105 151 ~00012 -
5900 A0 | I0907RIT ;100078 1136710 36,0810 3807 200010 —58103 1562 00013 _
6000 188131 1117860 1117650 14,0072 b2 TTO  ( e | —EEL | T | .

218687—88——55
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TABLE XVI—-THERMODYNAMIC PROFERTIES OF BH (GAS)

[Meolecular weight, 17.828]

¢ Hr—Hp . Hy sy (_ —8T, (1 ) —._'7'( e )
T » ° T T ene R )mwo\TP)) 8log Koy \ 714
CK) ( cal ( keal ( keel cal TRT %8
mole °K. mole mole (mo]e °K ] b ¢ d
0 | oeen 0 270, 8258 - -
208.16 | 4. 0588, 2.0739 281. 8997 11,0362 197.4088 | -T2 50.3050
800 6. 9508 2,0887 281, 0125 41,0790 1266384 | 1T . 9658
400 8. 9981 27839 43, 0847 96.8504 | .10 36.1618
50 7.0798 84871 283.3129 44,8534 resmr | LT .
600 7.2130 4.2014 284.0272 45, 9664 64. 0449
700 7.8713 4. 0305 284, 7568 47.0790 55. 0858 .
800 7, 6344 5. 6768 285, 5016 48, 0740 483568
9200 7.8897 8.4371 288. 2639 48,9705 43.1183
1000 7.8300 7.2188 287. 0301 49,7881 38.0114
1100 7.9561 8. 0028 287, 8984 50. 5404 8b. 4674
1200 8 0656 88087 6295 512378 32,5025
1300 81607 9. 8160 . 4408 51, 8867 30. 1560
1400 82431 10. 4852 200. 2610 52, 4045 0644
1500 8314 11.2681 201 0839 53 0856 B, 2400
1600 8.8704 120876 201; 9234 53, 24, Q585 2366 0. 01344 47792 1054 0.01060
1700 8.4302 12,9380 202, 7638 5.1 23, 2888 2220 - 01217 41488 293 . 00083
1800 8.4772 13,7833 293, 6091 54. 5088 22,0028 2108 ~01033 3. 8871 93¢ - 00010
1000 8 B184 146331 | 2944550 . 0562 20, 8330 2000 - 00900 3.0837 891 - 00840
2000 8. 546 15. 4868 298.8126 55, 4941 19. 8740 1902 < 00789 26268 848 -00749
2100 8. 5306 16.3438 200, 1606 55. 9123 9604 1818 0.00721 2. 2185 808 0.00687
200 8. 6150 17.2039 297. 0297 56,9124 18. 1291 1738 . 006812 18430 75 . 00651
2300 & 6401 18 0067 297, 8925 50, 6954 17. 3695 1829 - 00555 1.5013 740 - 00627
2400 8. 6626 18 ¢318 208. 7676 57. 0641 16. 6727 1501 - 06510 11867 710 - 00580
2500 8 6828 19,7891 290, 6249 57, 4181 16,0312 1526 - 00442 . 8060 682 - 00569
2600 8, 7008 20. 6883 300. 4041 57. 7500 15. 4387 1471 0. 00409 0. 6259 657 0.00527
2700 87172 21, 5302 30L. 3650 0877 14, 8898 1418 - 00857 . 3803 33 . 00803
2800 8.7820 22 4116 302 2874 53, 4050 14,3768 128 -00838 1402 811 . 00481
2000 8, 7453 885 308. 1118 527110 13,0047 2 <0023 —. 0663 50 - 00473
3000 8. 7575 24. 1606 308, 9864 59, 0083 18. 4611 1978 - 00282 ~. 2677 871 - 0048
3100 8.7686 25. 0369 3048627 50. 2056 1238 0.00252 —0. 4564 354 000108
8200 87788 25,9143 308. 7401 0. 5742 12, 8565 1200 . 00236 —. 6336 337 . 00397
3300 8.7881 79 306. 6184 8448 122905 1164 -00225 —. 9003 521 - 0386
3400 8.7008 27,0719 307. 4977 60. 1070 11, 0450 1230 - 00204 —. 0874 506 -00373
3500 . 8.8045 25, 8519 308, 3777 . 3621 112 6210 1099 . 00182 —1.1087 52 . 60363
3600 8.8117 99, 4327 300, 60. 6102 11,3189 1068 0. 00185 —L 2460 470 0.00244
3700 88184 30,3143 310, 1401 60. 8517 11,0234 1040 . 00162 ~13780 486 . 00347
3800 8.8716 31.1084 3110222 61 0870 10. 7481 18 00156 ~1. 5050 454 -00339
3000 8304 32.0702 311, 9050 61 3163 10. 4868 78 30 —1. 6248 443 . 00315
4000 88387 - 32, 0625 312 7888 61 5399 10. 2385 964 00118 —1.7387 432 .00313
4100 8, 8407 83,8403 313. 6721 61. 7581 . 10.0023 40 0.00119 —1.8472 422 0. 00302
4200 8.8453 34.7306 . | 3145564 61,9713 97772 918 ~00111 —1,0507 12 . 00209
4300 8.8407 36,6158 - | 81X 4411 62. 1704 9. 5628 807 00114 —2 0495 103 - 00201
4300 8. 8537 36, 5008 316. 3263 3329 9. 8576 877 00091 —3 1440 294 100274
4500 8. 8575 37,8861 317,219 42,5810 9.1618 888 —2.2843 3sa . 00268
4600 8.8811 382720 318, 62. 7768 8. 9744 240 0.00078 —2.3208 3 0.00267
4700 & 8844 39,1583 318, 6841 62, 9672 8 7048 822 - 00075 —9. 4039 370 -00252
150 8.8676 10,0449 319.8707 63. 1539 8 6229 808 100072 —3 4838 268 £00242
% 88705 40,0318 20, 7578 3368 8. 4579 . 788 00060 —2. 5600 350 +00230
5000 8.8738 41.8190 321, 6448 63. 5160 8 2005 74 - 00054 —2 6335 240 -00227
5100 £ 8753 £2, 7064 322, 5322 63. 6918 8.1472 768 0. 00063 —2.7042 M2 0. 00233
& . 88784 43, 5941 328. 4109 63. 8641 & 0008 744 .00083- [ ~2 7723 336 . 00220
53 8. 8807 44. 4821 324, 3079 ¢4.0303 7. 8599 ™0 - 00052 —3.8379 330 < 00209
3400 8. 8330 45.3703 325, 1861 64, 1903 7:7242 717 - 00044 —2.%011 3% 00201
5500 8.8850 . 482687 |  820.0845 64,3623 7. 5684 704 - 00030 —% 0622 310 - 00104
3600 88870 47.1473 326, 9781 64,5224 7.4678 602 0. 00040 —3.0211 313 0.00199
5700 8. 9889, 48 0361 327, 8619 64. 6707 7. 8455 680 . -00026 ~3. 0780 308 .
5300 8. 8907 48, 281 328. 7508 64. 8343 7, 2280 6 . 00028 ~3.1331 303 00184
5000 8.8024 45,8142 320, 6400 64. 9563 7. 1145 857 +00030 —3.1863 208 - 00183
8000 88941 50. 7038 330, 5203 85. 1358 TOMF | coooman | meemmemes 1T R R




GENERAL METHOD AND TABLES FOR COMPUTATION OF EQUILIBRIUM COMPOSITION AND TEMPERATURE 859

TABLE XVII—THERMODYNAMIC-PROPERTIES OF BO (GAS)
DMolecnlar welght, 26.82]

1 - [y
A —3Tfa I . =8Tf ¢ )
o — Ay —elfa ! =L
cs Hg-IIg Hy sy - 5( RT) 2 T-H) . slog E="20 (T‘H
(°E} ( cal ( keal ( keal cal BT
mgle °K mole mole /° mole °K « 5 e &
[+ I [ 0 168. 1816 e ———— [
N 208.16 6976 2.0:31 170. 2347 48. 606 272 6695 112, 6245
300 6. 977 2. 0859 170. 2475 48.647 27L 0072 111. 89880
400 7.062 2 7872 170. 9488 5. 664 203. 6489 82 4477
&0 7. 230 3.5018 171 8634 52,250 163. 2146 8L 7442
- 600 T.427 4.2847 172. 3963 53. 594 82.9207
700 7. 635 4. 6880 173. 1496 54.758 116. 9540 44 £620
800G 7.810 87600 [, I173.9216 58 785 102. 4776 1086
000 .97 6. 5490 174, 7106 50. 714 81. 2079 33.1604 —
1000 8.109 7.3530 175. 5146 57.563 82,1842 29.167¢ .
1100 8 225 8. 1697 176.3313 38,3413 74 7081 25. 9509
1200 8 825 8.0972 177. 1588 50. 0618 68. 8328 23. 2426
1300 8 411 9. 8340 177. 9956 89. 7310 08. 4149 20. 8487 .
1400 8. 485 10.6788 - 178 8404 60. 3570 58.9384 18, 8506
1500 8. 5485 I1.5308 1796921 J60. 9448 58,0582 17.2734
1800 &, 6025 13,3881 180. 5497 6L 4680 &L 8802 15. 7788
1700 & 6483 13, 181 4122 62 0209 48. 66806 14. 4580
1800 8. 6883 14. 1174 182. 2780 62 5164 48,8929 13. 2835
1900 8.7235 183. 1496 62.987L 43. 6051 12.2318
2000 8..71_560 15.8620 184.0238 63.4354 41, 43582 4071 . 00733 112846 .
2100 8. 7835 1 184. 8005 83. 8632 39. 5083 3879 0. 40632 10.4270
200 8. 8095 17.6185 185. 7801 64 2724 7. 7308 3704 , -00S87 0. 6468
2300 8.8333 18 8007 186. 64, 6645 1235 3545 N &, 9339
2400 8.8540 10.3851 187. 8487 66, (409 34. 6415 3388 - 00460 8. 2801
250 8.8749 20.2716 a5, 4028 8. 2777 3284 . 00382 . 6781
2600 8. 21.1600 189.3218 85,7518 32,0185 3140 0. 00324 7.1220
2700 8.9106 22. 0502 180.2118 66.0572 30.8623 . 6. 6080
2200 8. 9268 9421 101 1087 66. 4116 29. 7601 2018 . 00249 6.1282
2000 8. 23,8385 1919971 6a. 7251 28. 7604 2818 w7 5.6822
3000 8. 9565 24. T304 192, 8920 07.0285 27.8189 aras 00197 5. 2667
3100 8. 9702 25. 6268 193. 7584 67.3224 26.9379 2638 0.001682 48750
3200 8.0833 26, 5244 194. 8860 67. 6074 26,1119 2557 .00115 4 5102
i 330 8. 6030 27.4234 105 3850 67.8840 253359 2480 00108 - 4. 1684 3080 00311
3400 0. 0081 28,3238 196. 4852 68. 1527 24 6054 2408 . 00070 3.8427 1058 . 00311
8500 9.0200 29. 2250 197.3866 68. 4149 28. 9167 2340 - 00060 3.5373 1028 . 00304 .
3600 9.0316 30.1276 108. 2892 @8. 6683 23,2661 275 0.00054% 3.2487 1000 0. 00208 »
3700 9. 0420 81. 0313 199. 1929 68. 22,6507 N4 . T 2. 9755 973 00285 .
3300 £.0543 31. 9362 . (978 €9. 1572 22 0677 2157 00012 2.7166 &8 . 00272 -
3600 ©.0854 32,8422 201. 0038 60. 3925 21. 5145 00000 2. 4708 924 -00270 -
4000 €.0783 83. 7402 201. 9168 60. 6222 20. 8890 2050 —. 00020 2.2371 901 . 00264 -
4100 9.0870 34, 6574 202.8180 608464 20,4862 000 —0. 00008 2 0147 89 0. 00261 -
4200 Q. 085 35. 5668 203. 7282 70. 0485 0. 0131 1083 —.00020 1.8028 859 00248 _
4300 9. 1080 36. 4760 204. 8385 0. 2707 10. 5502 1608 —. 00044 L 66 830 .00242 -
4400 9, 1183 87.3882 205, 5408 70. 4892 19. 1280 1866 —. 00044 1.4075 82 .00238 -
4500 9.1284 88.39006 208. 4622 6043 18.7120 1824 —. 00062 1 802 .00235
4600 9 1384 39.2139 207.3755 70.89%0 18,3161 1785 —0. 00060 1 (462 785 0.00238
4700 9.1482 40. 1282 208. 2898 70016 17.9370 1747 —. 00076 -8788 768 . 00230
4800 9. 1879 41.0325 200. 2051 . 72843 17. 5738 110 —.00058 7145 753 .00213
4900 €. 1678 41,9508 210.1214 TL 4733 17.225¢ |} 1678 —. 0007 . 88T 738 | . 00210
5009 9.176¢ 42. 8770 211. 0386 - TL 6588 16,8909 1642 —. 00086 - 4000 22 . 00223 _
5100 g.1362 43. 7952 211, 9568 TL8404 16. 5606 1610 —0.00072 0. 2652 708 0.002156
5200 9.1954 44,7148 212.8750 720189 16. 2607 1580 —. 00091 1267 65 - 00217 -
5300 0. 245 45, 6343 213. 7959 72,1941 15, 9633 1550 —. 00084 - 682 .00210 N
5400 9. 2135 48. 5552 214.7188 72,3662 15. 6773 . 1521 —. (0085 - &80 -00216
5500 9. 2224 47.4770 215. 6386 72. 5354 15 4016 404 —..00009 - 687 . 00218
5600 9. 2312 48,8996 216. 5612 72,7018 15 1358 1467 =0.00077 —0. 3783 645 0.00214
5700 $.2399 49 3232 217. 4848 - T2.8651 14.8782 1441 —. 00085 —. 4936 634 00219
5300 8. 2485 50. 2476 218. 4092 73.0280 14. 6316 1416 —. 00080 | —. 6051 00211
5800 9. 2570 51.1729 219. 8345 3. 1840 14. 2024 1393 - ] -7 812 00220
6000 . 9.2654 52,0950 220. 2608 8.3307 14 1632 R =810 | e | el
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TABLE XVIII-THERMODYNAMIC PROPERTIES OF B:;0; (GAS)

[Molecular weight, 69.64] .
o L] —
¢ AE—H} Hy a2 ,( _AEPY ”'( .H,)l alogK-——-(—-H)
T . . _ARP BT, T Yog &
(°K) ( cal ) ( ( keal cal RT : -
mole °K mole mole mole °K a . ¢ d
0 [, -
208.16 -
1), [ S IR (IR R PR, [ — -
400 - - - -
-0 I [RUURDNNNI, SRENERIRRIN [ R I, [N, ORI, SRR, I R,
800 - —
L7000 | aaalo — - O U SR .
-1+ S S [ I R -
900 [, SR RN (ORI SR I SV
1000 23. 860 82. 1638 301. 8037 29,998\ 0. 10329 101. 1271
1100 2. 754 84, 4085 274, 4205 T 27,208 0.08117 89, 2101
1200 24084 80. 4386 L. 6025 28, "
1300 34, 811 88, 4246 232. 2761 | 2, 1 05176 70. 8714
1400 24, 510 2386 215, 022 21,492 I
1500 %672 91. 9300 201. 2319 20,01 03442 57, 4203
1600 24, 806 93. 5206 188, 7531 18, 8%5 0.02017 51. BS54
1700 24. 016 85. 0337 177. 8804 17, 7% . 02422 47,1333
N 1800 25, 010 167, 7784 16,7487 02046 42, 8471
1900 25,000 07,8148 158. 9432 15,872 01780 30. 011
2000 26. 159 99, 1036 150. 8896 15,083 385. 5608
2100 25. 221 100. 3326 143. 7019 14,368 0. 01360 32,4383
2200 28,277 10L. 5071 137. 2473 18,718 . 01235 20, 5000 . 00108
2300 25,320 1602, 631¢ 181. 2706 18,127 .00992 27.0084 5, 705 —, 00178
2400 25.874 103. 7108 125, 7811 3 00710 24,6331 5, 168 —. 00210
2500 25,408 104. 7478 120. 7492 12,087 . 22, 4480 5,249 — 00195
2600 28, 438 105, 7448 116, 0947 11, 626 0. 00418 20, 4311 5, 047 —0.00196
2700 25, 466 106. 7080 111. 7846 11,197 . (0367 18, 5638 4,861 —. 00227
2800 25, 491 107. 6316 107. 7820 10, 802 Q0177 16.8300 4,687 —.00221
2900 26, 514 108. 5266 104. 0354 10, 432 . 00007 15,2160 4, 525 —. 00208
3000 26. 5§34 109. 3019 100. 5771 10, 087 . 00003 13. 7087 4,374 -. 00207
3100 25. 852 09. 0745 195. 1634 110. 2204 97.3232 g, 764 . —0. 00085 12. 3008 4,233 -0. 1
3200 25, 510 71,6308 197. 7185 111, 0409 4. 2728 9, 463 —. 00107 10. 9800 4,100 —. 00182
3300 25, 585 74. 1884 200. 2773 1118280 61, 4070 9,178 - L 0. 7394 3,976 —, 00181
3400 " 25.500 | 76. 7476 202. 8365 112, 88. 7102 8,910 —. 00301 8. 5719 8,888 —. 001
3500 25,618 2 205. 3971 113. 3342 86. 1676 8, 659 - 7.4712 3,748 —. 00161
3600 25. 624 81,8700 207. 0888 %14. 0560 83.7664 | 8,420 —0. 00447 6. 4317 3,044 —0. 00166
3700 25. 6356 84, 4330 210. 5219 14, 7682 81. 4952 R, 195 —. 00528 5. 4485 3,545 —. 00159
3800 25. 6456 86.9070 ' |- 213.0859 115, 4419 79. 8430 , 980 —. 00535 4, 5172 8,432 —. 00188
3900 25. 655 - 80. 5620 215. 6500 116. 1082 77.8031 7,718 —. 00835 3. 6338 3,382 —. 00130
4000 25. 663 92,1279 218, 2168 118. 7578 75. 3047 7, 585 —. 00640 2. 7044 & 78 —. 00121
4100 25, 671 o4, 8046 22(. 7835 117. 3016 73. 6211 7, 401 —0. 00684 1, 8961 3,198 —0.00123
4200 28. 679 97.2621 223.3510 118. 0103 71.7656 7,226 —. 0069% 1.2350 3,122 —. 00125
4300 25, 687 99. 8304 225, 0193 118, 8147 70. 0921 7,060 —. 00755 5111 3,049 —. 00115
4400 25, 693 102, 3094 228, 4883 110. 2043 68. 4051 6, 900 —. 007563 ~ 1807 2,979 =, 0009¢
AN00 25. 698 104. 9690 231. G679 119, 7827 66, 0693 6,748 —. 00776 —. 8418 2 912 ~. 00084
4600 25, 705 107. 5392 233, 6281 120, 3478 45, 5101 9, 602 —0.00808 |- —L14740 2,849 —0.00087
4700 25, 710 110. 1099 230, 1988 120. 9008 4. 1135 6,481 —.00784 —2.0703 2,788 —. 00073
4800 25.716 112. 6812 238. T0L 121. 4418 62, 7753 6, 328 —. 00823 —2. 6594 2, 730 —. 00074
4900 25. 720 115. 2530 241. 8419 121.9721 61. 4021 6, 198 —. 00800 —3.2188 2,673 —. 00050
5000 25, 725 117.8253 243. 9142 122, 4918 80. 2606 6,076 —. 00818 —3. T49% 2,019 —. 00043
5100 25. 720 120. 3980 246, 4869 128. 0013 59.0778 5, 656 +0. 00828 —4. 2620 2, 568 —0. 00045
5200 25.733 240, 0600 123. 5009 5,842 —. 00836 —4, 7564 2,518 —. 00020
25, 737 125. 5448 281. 6335 123. 9011 56.8465 5, 181 —. 00820 ~35. 8312 2,470 —. 00021
5400 25. 741 128, 1188 254, 2074 124 4722 56.7934 5, 625 —. (0823 =5, 0884 2,424 —. 00013
8500 25. 745 130. 6628 258. 7817 124, 9448 54, 7789 5, 524 -—. 00843 —6.1200 2,379 -—. 00002
5600 25.748 133. 2674 250, 3563 128, 4086 53, 8009 5,423 . —0. 00800 —6. 5638 2,387 —0. 00010
5H00 26, 752 138, 8424 261. 0318 126. 8643 52,8575 5, 327 ~—. 00785 —6.9037 2,205 . 00011
5800 25, 756 264 126.8 51 9460 5, 235 —. 00759 —~7.3506 2,286 .000‘20
25. 760 140, 0036 |- 207.082% 126, 7525 51 & 148 —. 00810 —T.7419 2,216 . 00027
8000 25. 763 143, 5608 269, 6587 127. 1855 50. 2178 RO I — —~8. 1115

TABLE XIX—THERMODYNAMIC PROPERTIES OF BgO;

(CRYSTAL)
[Molecnlar weight, 69.64]
G Hi—H; &
N AL | gk
(°K) ( 1 ) kcal (g&l ) cal ) ~RT og
mole °K le mole mole °K ) )

(] [ 0 48.6880 | ... I TP S,
208,16 14,78 2. 2410 50,9249 13.07 1137. 338 456, 584
300 14.79 2. 2680 50.9519 18.18 1130. 890 452,523
400 T 18,40 3.9240 52,6079 17.90 848, 916 828.717
500 L2212 5. 9080 545010 22,3t 679.678 255. 963
600 23. 2 8.1300 56. 8139 26.36 568, 642 206. 747
700 28,18 160, 5520 59, 2869 80.08 . 488, 753 471. 589
723.18 25. 57 11, 1400 59,8230 30.91 470.101 164,838
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TABLE L\—THER\IODYNA\HC PROPERTIES OF B,0; (LIQUID)
[Molecular weight, 60.64]

= - i S
e —Ho = 5 e ame ( ) ST (14)
P » Keal T ame | CFF )T g §log Kmygq- \ 714
€K | (el ) (m—k (kral) ( “BT & -
mole Tk ® .\ Imole mole °k « ¢ P -
723.16 3175 16. 5600 65. 2439 38.41 464.420 164838 .
00 - 31,860 I8.9962 67. 6801 416117 491 204 15884 | T | ITTTTTTTTTTC o
900 31.242 2 1413 70,8252 45.3168 374,121 126.064 =
1000 30.835 2. 2452 73.9201 48,5872 3364027 1088151 14, 670 —0.06036
1100 30.580 _ 28,8159 76.9908 515141 306. 5360 95. 5391 13,338 —0.05698
1200 30. 42 313670 0. 0509 54. 1600 279. 8582 84 4852 12, 216 — 05142
1300 30.302 7Y £3.0028 56,6037 2581172 75.1307 11,271 —. 04881
1400 30.377 37.4472 86,1311 8554 239. 4828 7.1358 10,462 —. 0437 —
1600 30.372 0. 89,1685 608511 2233331 60. 2049 9, 760 —. 04040 '
1600 39.870 48,507 92 2056 629112 209. 2020 54,1453 9,146 ~0.03770 =
170 30.870 48. 5587 95,2496 647523 1067834 48. 8030 8, 805 . 03556
1800 30.370 9. 5957 2796 66.4882 185. 8500 44,0583 8 123 —
1500 30.370 52 6327 1018166 68.1308 175. 7834 30.8165 7,892 — 03150
2000 0.870 55,8607 104. 3536 606880 - [ 166.8082 36.0020 7,304 —. 02080
2100 30.370 58.7067 107. 3606 71.1608 158. 7332 325538 6,954 —0.02961 =
200 30.370 61. 7437 110. 4278 72. 5826 151.3622 29,4915 & 635 i . - -
2300 30.370 84. 7807 118. £646 73.9326 144. 6807 . 26,3641 6314 —. 02613 -
2400 30.370 87. 8177 116. 5016 75. 2951 138. 5458 28 9469 6077 — 02500
2500 30,350 0. 8545 1105336 76. 4649 132. 8635 e Bl [IEe
+ Enthalpy change In converting B10s (crystal) at 0° K to BsOs (liquid) at temperature indlcated. . T T
TABLE XXT—THERMODYNAMIC PROPERTIES OF C (GAS) - ' o
[Atomfe weight, 12.010]
ce H3—H$ S T
B | (o) | () | () | (% T
mole° K mole mole mole® K
__________ 0 262.3188 | oo T
205.16 | 49508 L 5588 263.8770 | 8r.76I1 =
300 . 48801 1.5681 263.8%62 | 37.79I7 -
400 49747 2.0658 [ 2648530 | 39.235
500 LB 2 5631 26L8812 | 40.3333 -
600 1.0709 8.0603 2653784 41,2398 -
700 49701 3.5503 | 2058754 | 42.0080
800 - 49807 £ 0543 266.3724 | 42.6698
200 49693 45513 | 2668604 | 43.2350
1000 40881 50482 | 267.3663 | 43.7i85
1100 4.0691 5. 5451 267.8632 | 4L2521 =
1200 49697 6.0421 | 268.3602 | 446845
1300 4.9705 6.5301 | 268.8572 | 45.0822
1400 4925 | 7.0882 | 2003548 45. 4507
1500 40747 7.5886 | 200.8517 | 45.7830 -
1600 40783 8.0312 | 270.3468 | 46.1150 i -
1700 49335 85203 | 0.844 | 184170
1500 40899 80280 | Z7L.8461 | 46.7020
1000 46980 9.527¢ | 271.8485 46. 9720
2000 5.0076 10,027 | 272345 | 472987 -
2100 5.0189 10. 5280 272 8471 47,4732 —
2200 5.0816 11.0315 | 278.3408 | 47.7070
2300 50455 1163654 | 273.8635 | 47.9310
2400 50607 12.0407 | 2743588 | 48.1460
2500 5 0760 125476 | 2748657 | 48.3530
2800 50840 13.0%1 | %5.3742 -
2700 51118 135864 | 275.8845 | 48.7450
2500 5.1209 | 14.0785 | 276.3066 | 48.¢312
2000 5.1488 14.592¢ | 2/6.9105 | 49.1116
3000 51677 151082 | Z77.4268 | 49.2%6¢ .
3100 - 3.1568 15.6269 | 277.9430 | 40.4%62 -
3200 52085 16.1455 | 278.4636 | 40.e212 :
5.2243 16,6670 [ 2/8.986L | 40.7816
3400 5.2498 17.1804 70.5088 | 490370
| 3%00 5.2610 TT.7158 | 280.0837 | 50.080L
3600 5.2786 18.2426 | 280.5007 | 50.2388
8700 18.7718 1
3800 5.312%6 193017 | 2BL.6I168 | 50.5240 .
2900 5.3286 10, 8338 282.1510 | 59.6631
4000 53442 20.9674 | 252.6855 | bs0.7082
3100 5 3590 20.9026 | 283.2207 | 509303 -
1900 53732 2.4302 | 283.7573 &L. 0506
4300 5. 3386 21.9772 | w2053 | 511862
4400 5.3094 22, 5165 284 8347 5L 3102
4500 54115 23.0570 285, 8571 514317
4800 5. 4227 23. 5087 286. 0168 5L. 8508 -
4700 5 4331 241415 516875
4500 5. 4427 246853 7033 | &L7820
54514 25,2300 | 28%. 5481 51. 8043
5000 5. 4502 26,7765 | 288. 52. 0045
5100 5. 4661 28, 3218 28%. 6399 521137 -
5200 54720 26,8687 | 280.1868 52 2180
5300 5.4770 o7.4162 | 280.7343 52,3231
. 5500 5.4810 27,064 | 200.2822 | 524256
5500 5 4841 23 5123 200.8304 | 525202 }
5800 5. 4865 29, 0803 29L 87859 52 6250 -
5700 5.4852 20, gLexr | =722
5800 5.4808 30.1585 52 8176
5500 54308 $0.7074 | 293.0255 5 0114
6000 54599 3L 2584 283. 5745 58.0087 o
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TABLE XXII—THERMODYNAMIC PROPERTIES OF CO (GAS)
[Molecular weight, 28,010}

c: Hi—H} HE 82 (_AH". _—_‘T(“ ) -3T(C )
T i e T T _ane [*CRT)w T Yog K dlog K= { 74
o) ( cal ( Xcal keal ( cal ) RT - 8 —
mole °K mole mole mole °E [ b ~ ¢ d

LI 0 57481 | coomeceon | aiicceece | oeememen | ocecceean | oeaea —
298.16 6,085 20727 67,8188 47,301 4342122 2538
300 6.965 2,0885 67.8316 47.342 431 5591 181. 0967
400 7,013 S 27838 68, 5209 10,352 824.0685 134 2147
500 7.120 3. 4900 69. 2561 50. 927 106. 0510
600 7.2i6 4. 9006 69. 0556 52,238 218, 87,2536
700 7.451 49458 70, 6018 53.378 185. 7931 73.8126
800 7,624 5. 6008 71,4450 54379 1 63. 7218
900 7,787 8. 4708 72.2167 56,287 144, 7600 8563
1000 7,932 7. 2585 73.0026 56. 1160 - 49, 5767
1100 8.058 8.0800 1 56. 8779 118 6348 - 44,4288
1200 8.167 8.8673 | 74613 57. 5837 108.8261 40,1314
1800 8.285. D. 6880 75. 4360 58,2413 100. 5223 194
1400 8.349 10. 5196 56,2687 53,8669 93.4014 3. 3754
1500 8,419 11. 3580 ] £9.4383 87,2274 30.6703
1600 8. 481 12 77, 9491 59. 0806 81.8231 28. 3020
1700 8. 536 13.0038 78, 7999 60. 4064 77.0530 . 262111
1800 8585 13,0009 79. 6660 80, 9867 728115 . 00863 24,3515
1900 8627 147705 80. 5166 814510 60. 0155 : 23,
2000 8.965 15. 6351 81. 8812 6L 65, 5983 6,482 -00363 21,1878
2100 8,600 16. £2.240¢ 62. 3181 62. 5060 6 178 0.00443 19. 3308
2200 3.730 17.8747 83,1208 59. 6943 5, 808 . 00325 18
200 8.758 18,2401 83. 6952 63,1121 57. 1267 5,844 -00213 17, 4662
2400 8.78¢ 10.1262 8728 64, 7729 5 412 00080 16. 4352
2500 8,806 20,0087 85.7518 83,8444 52. 6078 5 197 00026 18, 4834
2400 8.8%7. 20,8874 0335 64,1002 . 6082 4,009 —0.00048 14, 6043
2700 8 847 o1, 7711 ST.EIT2 | | 64.5288 48,7572 £,815 —.00084 13.7903
2800 £.865 22. 0567 88, 4028 64. 8458 47,0384 rg.n 3 —.00163 13, (388
2000 8882 2. 5440 89. 2001 85,1872 45, 4388 4 436 —. 00203 12,3202
3000 8.898 24 4330 90,1701 85. 4588 . 9460 4388 —.00236 116713
3100 "8.918 25,5246 9L 0707 85. 7600 5480 4,199 —0. 00288 1.
3300 8.027 26, 2108 019637 66,0388 41 2387 4070 — 00358 10.4779
3300 8.039 27,1000 8580 3087 8,048 —.00338 9.0351
3400 8. 962 28, 0044 93. 7805 84. 5757 388517 3 82 —. 00386 9.
3500 8.063 28.0002 946468 8854 87,7607 3,78 ~—.00417 8 0417
2800 8.974 29, 7970 05. 5431 67.0880 36.7307 3,619 | —o0.00301 8. 4860
3700 8.085 4411 67. 3340 35. 7565 8,522 —. 00414 8.0548
3800 8.095 3L 5940 97. 8401 7. 5738 348338 3,420 — 00403 T
3000 8. 005 33, 4040 98. 2401 67.8076 33, 0588 3,841 — 00408 7.2580
1000 9.015 83,3050 %.1411 |- 680367 33,1274 8288 — 0423 6. 8892
4100 9.024 4. 2060 100. 0430 *68. 2684 82.3370 8,177 —0. 00388 6. 5382
4200 9.084 351008 100. 9459 68. 4760 81 5844 3108 —. 00423 6. 2037
4300 9.042 86,1086 101 8167 68. 6887 30. 8670 3,030 —. 00394 5. 8847
4490 9,051 37.0083 | . 102 7844 68. 8966 201823 2,961 —. 00400 5. 5799
4500 9.050 379138 103. 6560 60,1001 20, 5283 2,805 —. 00395 5. 2335
4800 9.067 38. 8201 104, 5662 60.2063 28,0020 2,832 —0.00395 5.0007
4700 9.074 30,7271 105, 4732 60, 4044 28.3043 2,770 —. 00358 4.7425
4800 9,082 40,8340 106. 3810 69. 8855 27,7308 2712 —_00347 £.4363
4000 9.089 41,5438 107. 2896 00. 8798 27,1808 2,655 —00310 £2405
5000 0,096 42,4527 108. 1088 70. 0566 26 6520 2,601 - £0043
5100 9.108 109.1088 |  70.2367 2. 1450 2,549 —0.00270 a7
5200 9.110 442733 110. 0104 70. 4136 25, 8585 2 400 —. 00251 3.5689
5300 9.117 45,1847 110, 6308 70.5872 25. 1898 2, 451 —. 00239 8.3486
5400 . 912 48,0967 1118428 70. 7576 24, 7831 7 408 —.00201 5. 145
5500 9.130 470098 112, 7854 70.0251 243032 2,358 —. 00167 2.0405
5600 9.137 47,9207 113, 6858 71,0897 23,8838 2,316 —0.00172 2.7620
5700 9.143 8367 124 5328 71.3514 23, 4702 2, 778 —. 00140 2. 5769
5800 9.150 40.7518 | 1154074 71. 4106 23. 0887 2,934 —. 00136 2 4041
5900 9.156 50. 6665 16,4127 | 713870 27114 2,196 —.00130 2. 2341
6000 9.162 6L3826 | 1173286 717209 23467 | il | el — 2.0606
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TABLE XXIIT—THERMODYNAMIC PROPERTIES OF CO. (GAS)

[Molecular weight, 44.010]
A*H\ —8T(fa ~5T( ¢ C
‘ T [ G Be—Hy Hi S e F(FP)"m ) s1og K= (7+4) =
cB I cal ( kuﬂ) (5'11) (_cal_) BT log & =
' . \mole °K mole .mole mole °K a B ¢ F . -
1} 1
l [ I S, 0 SR (U [RSSNUNI (SUI [P [ (PSRN Jp— T =
208.16 8.874 22381 2.2381 5L (61 648.2084 | —cmeoma- 287. 6053 -
. 300 8. 864 2. 2546 2. 2546 5L 116 644 2627 | ocmoeae 265.8787 =
! 400 0.871 3.1948 1648 53.815 483.6380 | ... — 103.8705 -
- 500 10. 4.2228 4.2228 §8.118 Br.H22 [ . _— 153.8214
'
: 600 1L311 5.3224 5.3224 53.109 3283792 | oo 125, 7189 - .
' 700 11840 6.4813 6. 4813 50805 277.4307 ————— 108.8781 | ccemcmam | ceeoomemeeas —_
i 800 12,300 7.6804 7.6884 6L507 | 2428362 | e 8086 -
' 900 12. 678 8. 9399 8. 9309 62, 980 216:0824 | .. T8.8821 | e S I, -
. 1000 12 995 ht 10. 2220 64 3310 184. 5328 19,268 69. 4053 8428 0.02238 _
b 13.285 11 5350 11. 6350 66. 5822 178.8768 17, 548 61.8111 7666 0. 01797 .
'r 1200 13, 490 12.8728 12.8728 68. 7461 162. 2048 18,007 55. 4048 7031 .01434
1 13. 680 14. 2312 14. 2312 67.8334 1498633 14,868 40.9820 .01103
1400 13.844 15. 6074 15. 6074 68, 1392012 13,814 45,3324 6033 . 0030 T
1500 18.688 16. 9990 16. 9990 69.8132, . 1299554 12,900 41,3016 5633 . 00718 T
I 1600 14.116 18, 18.4042 T0.7200 | I25.8811 100 37. 7138 0. 00585 -
170 14.230 10.8216 16.8216 TLE5NZ 114. 7158 34. 8803 4974 00467 —
1 1800 14. 331 21 2406 2408 72. 3955 108. 3810 10, 767 318823 4609 . 00394 __
P 1000 14,421 22,6872 22,6872 T8.1727 102. 6730 10, 20,4152 453 . 00320
I 2000 14. 502 24,1884 24 1334 739145 97. 5518 @, 701 27. 1855 4231 00274 —
I 2100 14. 576 25. 5872 25. 5872 74 6238 92 0168 0,244 23.1680 4030 IR
1 14,6843 27.0482 27,0482 75.3084 88.7018 8,828 3337 3848 . 00186
I 14. 705 28. 5156 28. 5156 75 0557 84, 8, 447 .01002 21. 8587 2881 00175
T 2400 14. 763 29, 8860 0800 76. 58828 8L 3227 §, 080 . 1232 3829 . 00120
i 2800 14.817 31,4680 31. 4620 77.156% 78.0:46 7,718 . 00716 18,7104 3388 .oon2
{ 2600 14. 868 32.9522 32,9522 7. 7087 7a. (750 7,482 0. 00569 7. 4062 3258 0.00093,
200 14 916 34 4414 34, 4414 78. 3307 T2 2688 7,908 . 00401 16,1658 3138 00069 -
14. 981 35, 9353 35.0388 v8.8740 9. 7196 6, 965 00322 18,0772 3028 -
2000 15.003 37.4335 37.4335 79.3007 67.3181 8,717 14.0381 222 . 00360 K
3000 15.043 38. 38. 0358 T8. 6080 85.0765 8,496 00172 13. 0585 2825 - 001 R
3100 15.081 40. 4420 4420 80. 4029 629793 6,289 0.00079 12,1468 2734 0.00032 —
18117 41. 9518 41,9519 80.8522 6L.0132 6,084 00043 11. 2921 2640 00027
3300 15.182 43. 4654 4. 4654 8L 3480 59, 1661 5,612 —. 00052 10. 4801 2568 . 0005
3400 15.185 44,9822 44, 0822 81.8008 57.4278 540 —. 00100 9.7333 2403 -0003L .-
3500 15.216 48. 5022 48. 5022 822414 55. 7888 5, 5:8 ~—. 00154 9.0207 2421 - 00050 -
3600 15.246 48.0254 48, 82.6305 54.2409 & 424 —0. 0018+ 8.3 2354 0.00048
3700 15. 275 40. 5514 40. 5514 83.0886 52 7765 5,250 - T 7.710 2290 00047 _
3800 15.302 51. 0802 88 1963 51 3869- 5,141 - 7.1078 2230 00051
3000 15,329 82 6118 52. 6118 83.8041 50. 0742 5011 —. 00205 6. 5156 pA b}
4000 15,355 541460 341460 842526 48.8244 4,886 —. 00311 59910 2119 00037 T
4100 15.380 §5. 6828 55, 6823 84 6820 £7. 6358 4,767 —0. 00310 5 747 2067 0. 00048 _.
15.405 7. 2220 57.2220 85. 0329 4, 654 - 4 8821 2018 . 00040 .
4300 15. 420 58.7837 58.7837 85.3087 © 45,4248 4, (6 —.00318 4 5124 . 1670 . 00057 .
L 4400 15.452 60. 3078 060.30:3 85. 7507 4+ 38 4, £43 - £ Q641 1926 . 00050 .
+ 4500 15.475 61.8541 618541 88. 0982 43, 4208 4,343 —. 00313 8. 6356 1888 00055 M
4600 15. 408 63. 4028 63. 4028 88,4386 42, 4008 4,249 —0. 00314 3.2297 1842 0. 00049
4700 15. 520 84 0538 64. 0536 88.7721 41 3639 4,158 —_ 3 2.8333 1803
1 4500 15. 542 68. 6068 86. 7. 0901 0. 057 - 4,000 — 2 4572 1788 . 00060
4000 15. 564 820 68. 87. 4168 30.8738 3,886 | - 20664 1729 00068 )
E00¢ 15. 586 . 6106 60. 6196 87.734% .. 0831 3,805 - L7500 1664 o
5100 15. 608 TL. 1792 7L I8 88. 0433 38.3198 - 8,827 —0. 00196 L4172 T661 0. 00068 -
15. 630 T2 7412 T 7412 88,3466 37. 5868 8, 762 —. 00172 LO%TT 1629 00084
;5300 16. 652 T4, 30562 74. 3032 36,8766 3,680 —. 00188 .780L 1568 . 00087 .
T H00 18. 674 75.8716 75.8716 88. 98713 36.1607 38, 610 —. 00116 . 1568 00071
5500 15. 696 77.4400 TT. 89 2251 355445 8, 543 —. 00088 267 1540 T .00070 n
15.718 79.0108 79.0108 80. 5081 34. 9127 3,478 —0. 00068 —0.0690 1512 0. 00074 -
5700 18.740 80. - 89.7885 34.3032 3,418 —. 00087 —. 83350 1436 .
3800 15. 762 82.1588 82,1588 ©00.0804 3.7146 3,356 —.00031L —. 5919 1460 00074 _
£900 15, 784 83.7360 83.7360 ©0. 3301 33. 1461 3,208 —. 00007 —.8401 35 . o
€000 15.806 85.3156 85. 3056 00. 5955 32,5088 | comomem | ammmeee- _— —LOB00 | amcmamen | ;- _
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TABLE XXIV—-THERMODYNAMIC PROPERTIES OF

Cl (GAS) _
[Atomie welght, 33.457)

ce Ig-H Hy s
T . L .
°K) ( cal keal ( keal cal )
maole °K mole mole /_ mole °K
[ S [E— ¢ k7.3 ) S —
208,16 5. 2203 1. 4691 34.0122 39. 4569
300 5. 2237 1. 5087 0218
400 5. 3706 2.0301 34,5502 41.0138
500 8§, 4368 2. 5801 35,0832 42, 2206
600 5. 4448 81944 35.6375 13, 2182
700 * 5. 4292 3. 6880 36. 1811 44,0511
800 §.3887 4, 2088 36. 7217 44,7731
000 5. 3506 4, 7458 . 2687 45, 4056 *
1000 53183 5. 2788 37.7919 45,0674
1100 5. 2788 5. 8084 88.31% 46,4722
- 1200 5. 2477 6.3347 38.8478 46. 6302
1300 &. 2201 8 89,3712 47.3401
2400 5. 1058 7.8788 30. 8620 47. 73561
1500 5. 1745 7.8074 40. 4105 48. 0928
1600 5. 1587 8.4130 40, 48,4282
1700 8. 1392 8.9286 41, 4417
1800 5.1248 0, 4418 4], 9534 49.0316
1900 5,1117 0. 8436 42, 4667 48. 3083
2000 1002, 10. 4642 42,9773 49. 5702
2100 &, 0900 10. 9737 43. ﬁ? 49. 8188
2200 5. 0809 11,4823 43, ), 0554
200 &, Q737 11. 9000 44, 5031 50. 2811
2400 5. 0654 12 4069 45, 0100 50. 4968
2500 5. 0588 13. 0081 45. 5162 50. 7004
2800 5. 0528 18, 5087 48 05? 0. 8017
2700 80474 14,0137 14. 8268 51,
2800 5.0425 14, 5182 47,0813 51
2000 & (0380 15. 0222 47, 53863 51. 4527
3000 5.0339 15. 5258 48,0389 51. 6234
3100 5, 0301 16, 0200 48, 543 51,7884
3200 5.0267 - 16. 8318 49, 0449 51. 9480
3300 5, 0236 17. 0343 405474 52. 1027
3400 5. 0206 17, 5368 50. 52. 2526
3500 5. 0179 18,0385 50, 5618 52.3681
8600 5.0154 18, 5401 510532 ) 04
3700 5.0181 19,0416 5L, 5547 52,6768
3800 & 0109 10, 5428 52 -
3000 5. 0088 2. 437 52, 5568 52. 0406
4000 5. 0070 20, 5445 58. 0576 53. 0674
4100 5. 0052 21. 0452 83. 5563 53.1010
4200 5. 0036 21, 5456 54, 0687 53.3118
4300 5. 0020 22, 54, 5500 §3.4203
4400 5. 0006 22. 5460 56,0591 53. 8443
4500 4. 9963 23. 0460 56. 5591 3. 6566
4600 4, 9081 23. 6459 56, Q%90 53. 7068
4700 4, 9970 - %.g:gg 56, 5587 53, 8740
4800 - 4.9060 4. 57, 0584 53, 9792
4000 4, 0050 25. 0448 57, 54,0822
5000 4, 6041 25, 5443 58, 0574 54, 1831
5100 4.0932 28,0436 58.6867 |. 54.2820
5200 4,004 26, 5429 . 0560 5.
5300 4. 9016 7. 0421 59. 5552 54,4740
5400 4, 0908 27. 5412 0543 b4, 5873
5500 4. 9901 28, 0408 60, 5534 44, 6580
5600 4, 9804 28, 5303 61,0524 54, 7488
8700 4. 9887 29,0382 61, 5513 54, 8871
5800 4. 9880 29. 8370 62. 0501 54. 9230
5000 4. 0878 30. 0858 62, 5480 35, 0091
6000 4. 0888 30. 5345 63, (476 55. 0920




GENERAL METHOP AND TABLES FOR COMPUTATION OF EQUILIBRIUM COMPOSITION AND TEMPERATURE

TABLE XXV-—THERMODYNAMIC PROPERTIES OF Cl (GAS)

[Molecular weight, 70.914)
Q Q ] —
G Hr—Ho He St « (-5 )" ’T(—H:) s1og K= 2o (2t
Al _ag log K 0 \T
(°K} ( cal ( keal ( cal ) RT
mole °K mele mole mole °K .4 c [
Q P ] 7.8081 SRR U SRRV ORI [ S
298,16 8.11 2.1939 10.0000 53.236 87.8319 36,0804 [ oemimm b ammmmemmeen
300 812 2.2089 10.0130 53,336 . 3383 36. 6605
400 .44 3.0384 10.8445 50.720 T3, 2047 26,0820 | _ommem | e
500 8.62 3.8620 1I.608t 5T, 8856 10,704+ | el e
600 8. 74 476810 12 5871 50. 207 40, 2389 15,4354
700 8.82 5.6399 4460 582 3545 12,3755
800 8.88 6. 5248 14. 3309 61,744 7. 1837 10. 0728
800 8.92 T.4142 15.2203 62. 792 33,1554 8.2757
1000 8.96 8.3060 16. 1151 63. 7350 20, 9262 6.8337
1100 8.99 9. 20858 17.0128 84, 5904 27.2796 5. 6506 1168 0.01517
. 1200 9.02 10. 1070 17.9131 85,3739 25.0701 4. 6621 1073 .01312
1300 9.04 11.0100 18. 8161 66. 0987 23.19733 3.8236 992 01153
1400 9.08 11.9180 - 19,7211 66. 7674 3.1032 923 . 01047
1500 .03 12.822¢ 20. 6281 67. 8681 20. 1837 2474 8§63 . 00923
1600 9.109 13. 7816 21. 5376 7. 0800 186708 1.9288 810 0. 00863
1,00 9,124 14 6431 22,4492 68. 5327 7.8864 1. 437 6L 00768
IS00 9,130 15. 5683 23. 3624 890547 16,8272 1.0116 -3 00020
1600 9.155 16. 4709 2£. 2170 5192 16. 0652 0244 888 . 00620
2000 9.171 17.3873 25,1934 70.0192 152883 2752 653 . 0545
2100 0.185 18. 3051 28.1112 704670 Id, 5845 —0.0412 723 0. 00492
2200 9. 200 10.2243 27. 0304 70.8%48 13. 6440 —.3203 585 . O(HS0
2300 9 215 20. 1451 27. 9512 71.3039 13. 3585 —.5028 I:nYy 040
2400 6. 230 21.0673 28.8734 L. 6984 12.8211 . — 8347 54T 00410
2500 0.244 21.9910 20, 7971 72,0735 12, 3261 1172 . —1.0578 526 . 00379
2600 0. 250 22,9161 30.7222 72,4384 11. 8887 1128 0. 00832 —1.2637 506 0. 00359
2700 9.273 288497 JL. 6488 T2.7860 11,4446 1087 . 00599 —1. 4547 488 . 00331
2800 9. 287 24 707 32,5768 78. 1236 11. 6504 1049 . 00568 —1.6328 471 . 00319
2600 9.300 25.7001 33. 5082 3. 487 10. 6830 1012 . 00587 —1.7979 456 . 00280
3000 9.315 6308 34,4370 78. 7662 10. 3397 981 . 00485 —1.9527 441 . 0026+
3100 8.327 27. 5629 35.3600 740708 10.0138 40 0.00514 —2.0878 427 0. 00256
3200 L 341 . 4063 36.8024 74 3672 0. 7166 018 . 00532 —2.2336 418 . 00224
3300 9.355 29.4311 3r.2372 T4 8548 0.4323 803 | . 00465 —2.3616 402 . 00226
3400 9.368 30.3673 38.1734 T4 9343 9. 1665 866 00487 —2. 4821 391 . 00200
3500 9.382 8L.3048 39.1109 5. 2060 8.9132 . 843 . 00443 —2. 5959 381 Q0L
3600 9.395 82.2437 40.0408 75. 4706 8.6745 818 0.00455 —2.7035 371 0. 00163
30 9.409 33.1839 40.9900 76. 7281 8. 48T 768 . 00430 —2.8054 361 . 00180
3800 9.422 341264 £1.9315 76.97892 8. 2341 776 . —2.8020 352 00144
3000 9.438 35.0683 42. 8744 78, 2241 8.0309 T8 00410 —2.0937 343 00155
4000 9. 448 36.0125 43.8186 T6. 4632 7.8378 739 . —3.0810 34 . 0013
4100 9. 461 36.9579 44 7640 76. 6866 7.6330 ™ 00403 —3.1840 a7 0.00134
4200 9.47¢ 37. 9047 45.7108 6. 9248 7. 4773 708 . 00481 —3.2432 318 . 00181
4300 9.488 38.8528 46. 8589 77.1479 7. 3005 688 . 00894 —3.3187 312 .00
4400 9.501 39.8023 47. 6034 77.3662 7.1402 . 672 . (0367 —3.3009 306 00122
4500 9.514 40. 7530 48, 5501 T7. 5798 2080 658 00386 —3. 45989 299 . (0116,
4600 0.527 41,7051 40,5112 TT. 1801 6. 8480 644 0.00378 —3. 5260 292 oLy
4700 9.540 8584 . 7. 0041 6. 7082 630 . 00385 —3.5883 -286 . 00112
4800 9.563 43. 6131 51,4192 8. 1861 8. 6781 -1y . 00378 —3. 6500 281 -
4600 9. 566 44, 5600 52,3751 8. 3922 6. 4434 605 00370 —3.7083 275 00100
500 9.578 £5. 5263 58.3324 75. 5856 6.3187 593 - 00363 —3. 7643 270 .
5100 9,582 44, 4868 54.2909 8. 75 6.1888 581 0.00377 —3.8181 265 (. 0008+
5200 9. 606 47, 4447 55. 2508 78.9618 6.0833 . 568 . 00384 —3. 8600 260 . 00084
5300 9.619 48, 4059 56. 2120 79.1449 §. 9721 550 . (0378 —3.0108 255 . 00078
5400 9.632 . 3684 57.1745 79.3248 .5, 540 . 00368 —3.0678 250 . 00085
5500 9. 845 50.8323 78, 8016 JRT6L3 N . 00365 —4. 0141 246 <0007
5600 9. 668 51. 2974 5.1035 79, 6785 5.6614 530 Q. 00362 —4, 0588 242 0.00074
500 9.671 2639 60. 0700 79.8168 5. 5648 520 . 00364 —4.1020 238 - a
5800 9.684 53. 2316 8L 0377 80.0149 §.4716 S11 . 00369 F—4 1437 233 - 0007
5800 9.607 54. 2007 62,0068 80. 1808 5.8812 503 . 00357 —4. 1839 220 . 73
6000 9. 710 55.1680 629771 80.3436 52038 | e | eemaaa —4.2229

213637—53——58
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REPORT 1037—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TABLE XXVI—TEERMODYNAMIC PROPERTIES OF CIF (CGAS)

[Molecular weight, 54.457]

1
)

o H-H o & (_z\h")_-ar ¢ ) _—iT (¢ )
T G ° age [ UFET)- 0 (7 e | FEw
rK) cal ( kesl ( keal cal ) —FF log
- \inole °K molke mole mole °K e - b ¢ 4
\ .
LR — 0 212080 | .
208.16 | 76517 2.1281 23,385 £2.0438 102, 1526
300 7. 6599 21422 | agsl 52, 0904 102, 5154
00 80382 29%3 " | 24.1851 54,8491 784945
500 8. 2830 3.7i56 24 0505 56, 1720 oL
00 84504 4. 5838 25, 7007 57. 6997 3L dots
700 S8R & 4357 26, 6426 5. 0127 2128
800 -8 8811 6,271 27, 5040 50, 1628 38,8081
200 8, 7077 7.1652 28, 5731 6L, 1882 84, 5072
1000 8. 7406 8. 0381 20, 2450 £2. 1049 312228
1100 8. 7814 8. 9147 80. 1216 62, 9404 28, 4577
1200 8. 8060 07 1. 0000 63, 7085 26, 1504
1300 8. 8288 10. 67 81.8825 - 64. 4111 24. 1058
1400 8.8411 11, 5589 42758 8s.aagr 22, 5180
1500 8.8538 12 4487 8.Q 8. 6781 21 0626
1600 8.8044 19.9298 345388 66. 2479 16. 7879
1700 8.8732 14. 2165 35, 4234 66, 7885 18, 6622
1800 8. 8808 15 1042 84.3111 a7, 2029 17, 6606
1000 8.8876 15. 9926 371005 . | 67.7738 16. 7641
2000 8 8937 16,8817 0586 682203 15,958
2100 8.8097 17. 7713 38, 0782 68, 6634 15. 2255
2200 8 0030 18. 8616 39,8685 80, 0775 14. 5604 004
2300 80128 1. 5525 7504 80.4736 | 13.95%8 00448
2400 20903 20, 4442 41, 6811 . 8530 18, 3954 00430
2500 8. 9201 21,3366 5435 70. 2174 128828 :
2600 8 0308 22, 2301 43, 4370 70. 5678 12, 4083 0.00478 0389 0. 00461
2700 8 0528 28,1247 44,3316 9084 11, 9601 1128 .00 —1.2387 508 -00487
2800 8. 9678 24, 0207 45,2276 71.2313 1L 5609 1086 +00602 —1. 4245 190 ~00433
2600 8. 9858 24,9184 46,1258 7L 5463 1L 1804 1047 -00630 —L 57 et 100390
3000 9.0072 25.8180. 470240 718513 10. 8249 1009 00762 —17807 450 -00374
8100 9.0820 20,7200 47,9260 72. 1470 10.4918 ¥4 0.00832 —1.8115 15 0. 00344
200 9.0608 27,6248 45,8315 72, 4342 10, 1701 841 . 00915 —2.0540 o .00319
3300 20082 B8 | 49.7302 72 7135 9.8848 99 ~ 01015 —2 1881 a0 +00308
3400 9.1299 20, 4435 50, 8504 72. 6855 9. 6073 8T -01116 —2.8144 08 .00am
3500 21709 30. 3585 51,5654 73. 2508 9.3450 &0 X —24%7 307 <02
3600 0.2162 31,9770 82, 4848 73, 5008 0.0068 8928 ¢.01817 —2. 5466 87 0.00231
3700 9. 2658 32, 2020 55, 4089 73.7630 8. 8610 o7 -01416 —2, 653 a7 -00218
3800 9.3197 33,1812 54. 3381 74,0108 8.6371 e -01535 —2.7547 36 ~00184
3900 0.3778 34, 0661 5. 2730 74,2536 84738 740 101605 —3.8500 350 00175
4000 94399 35,0070 56,2130 74,4918 8. 2206 726 01718 —% 2% 351 -00149
4100 - 9. 5058 85. 9543 57.1612 74, 72587 8. (263 185 0. 01804 —3. 0295 343 0. 00133
200 9, 5754 36, 9084 5. 1158 74, 9556 7.8404 © gt . 01893 31128 338 - 00100
4300 96485 87,8690 5. 0765 75 1818 7. 6624 065 -01954 5117 329 +00093
4400 9.7248 38,8382 60. (451 5. 4045 7.4915 047 - 02032 —3. 2674 322 00074
4500 #8035 30,8148 61,0218 75. 6339 7.8%74 6% 02084 —5. 3397 316 ~00050
4600 €. 884¢ 40. 7990 62. 0059 78 7. 1608 614 0.02146 3. ] 310 Q00024
“ 4700 #0636 417917 62, 9086 3 7,0175 500 -02181 —3.4751 305 —. 00004
4800 10, 0539 42, 908 63, 9907 76, 2645 68709 85 Jaael 5356 200 — 00012
4900 10. 1407 438026 85. 0095 70. 4727 6. 7293 572 - 02230 —3 5905 204 — 00030
5000 10.2287 44 8210 86. 0279 76, 6785 6. 5926 560 102250 -2.8580 289 —. 00057
3100 10.3178 45,8483 67.0552 76,8810 6. 4603 548 0.0272 —~a. 14 284 —0.00072
3200 10, 4084 46,8845 63,0814 77,0831 63322 3. - 02259 —3.76%0 280 —. 00003
3300 104955 _ | 479206 €0, 1365 77,2822 6. 2081 _ ] ~2.8199 278 -
5400 10, 5844 48,0836 70. 1605 77, 4702 60878 519 02U —3.8608 270 —. 00109
5600 10. 6728 B0, 0485 71. 2534 77,6742 5.9710 511 L5 —oum 267 — 00138
5500 10. 7697 51. 1181 72.32850 77.8673 5. 8576 504 0.02178 3. 9641 263 —0. 00154
5700 10,8467 1083 4052 78, 0885 5. 7474 9T L 02141 —4. 0087 250 — 00168
5800 106302 53, 2871 74, 4940 78, 2478 5. 8403 ai 02008 —40618 285 —. 00182
5900 11,0120 54, 8543 75, 5912 78, 4354 5. 5361 &5, ~o2087 —4 0032 252 — 00100
0000 11,0687 55,4896 76, 8065 78, 6212 5. 4348 o | e —E188 e | e




GENERAL METHOD AND TABLES FOR COMPUTATION OF EQUILIBRIUM COMPOSITION AND TEMPBERATURH

TABLE XXVII—THERMODYNAAMIC PROPERTIES OF F (GAS)

Polecular weight, 19.00] i

[ c3 Hg—-HS, Hg -3

5 | () | () | () [ (S
mole °K male mole mole °K
0 | oo g 48 2781 [ ooimamam
208.18 5.4364 1. 5580 40. 8361 37.0173
300 5.4355 1.5680 40, 8461 37. 9507
400 5.8612 2.1081 50.3882 39. 5050
500 5.2818 26401 50.9182 40. 6926
. €00 52179 3.1650 §L. 4431 41,6467
- 700 5.1602 8.6842 519628 4502
800 5.1324 41082 52.4773 48,1370
600 5. 1043 4. 7110 52,0891 43. 7407
1000 5.0826 5.2203 53.4884 442774
1100 5. 7277 0058 44, 7610
1200 5.0510 8.2336 54 5IIT 45. 2012
1300 8. 7382 55. 0163 45, 6051
1400 5.0318 7.2419 55, 5200 45,9783
1500 & 7.T44T 468.3252
1600 5.0181 8.2468 58. 5240 46, 6493

- 1700 5.0129 8.7483 57. 0204 46,9534 °

1800 5.0084 9. 2494 57.5275 47. 2398
1600 5. 0045 9. 7501 47, 5105
2000 5.0012 10. 2508 58.5284 47, 7671
2100 4 9983 10. 78503 58.0284 43.0110
2200 4. 9957 11. 2500 59,8281 48,2435
2300 4 9935 11,7485 60. 0278 4635
2400 4. 9918 12,2487 60. 5268 48. 6780
2500 49808 12.7478 61.0259 48.8817
2600 4.8882 18. 2487 6L. 5248 48.0774
2700 4. 9868 13. 7454 62.0235 0, 2656
2300 4.9855 14, 2441 682.5222 . 4469
2900 4.8844 14. 7428 63. 0208 49. 6219
3000 4.8834 15. 2400 68,5190 49. 7908
- 3100 4.0824 18, 7392 64.0173 49.0542
3200 4.8816 16. 2874 6845155 30.1124
3300 4. 6808 16. 7355 50. 2687
3400 4. 8801 17.2336 68,5117 80. 4143
3500 4.9704 17,7316 66, 0087 50,5687
3600 4. 9788 18. 2295 64. 5078 50. 6990
3700 4.9782 18.7%:3 87.005¢ . 8354
3200 4.9777 10. 2251 7. 5032 50. 9681
- 3600 49772 19. 7220 0010 510974
4000 4.9768 20. 2203 68. 40687 2234
4100 4.9764 20. 7182 68. 9063 513463
4200 4. 97680 .25 69. 4939 51,4682
4300 4. 9758 21.7184 60.9015 51. 5838
4400 4.9758 22,2110 70. 4801 &L 6977
4500 4. 9750 22. 7088 70. 9886 8085
4600 4. 9747 23.2060 - TL 4841 51, 9188
4700 4.9744 23. 7034 71.9815 820258
4800 4.9741 24, 2009 72,4790 52,1305
4800 49739 6983 72,9784 52 2431
5000 4. 9787 25.1938 T3.4737 52.3338
5100 4.9735 25. 6930 73.9711 52.4320
5200 49732 26.1003 74 4684 52. 5288
5300 4.9731 26.6878 74, 9657 52,6234
5400 4 9729 27.1849 T5.4630 52,7163
5500 4.9727 . 6822 75. 9603 52,8076
5600 49723 2R. 1795 T6.4576 52,8072
5700 4. 0724 28. 6767 76,9548 52,0852
5800 4.9723 201740 77.4521 53. 0716
5900 9721 20,6712 T7.9403 53. 1586
6000 4.9720 30.168% 78.4465 §3.2402
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TABLE XXVIII-THERMODYNAMIC PROPERTIES OF F; (GAS)

[Molaculer weight, 38.001
Ce Hy—H3 ) (_AH‘_')_-_”'(L ) : .;_‘T(i )
T » #—Hy Hy ? came |M-BT) =T (1 ) §log Ko (74
°K) cal (keal) (kea]) ( cal ) - - : log K
mole °K mole mole mole °K a- b e d
[/ I [ _— Q 80. 0562 [ U [ R IR SR,
268.16 7. 5183 21137 63. 0689 48. 5590 7763 20. 8481 -
300 7. 5262 2.1276 63.0838 48. 8053 61.4076 20.7085 | ceeeme-
400 7.9077 2 9001 08. 8563 50. 8251 48, 4428 14. 0101 PR
500 8.1822 3. 7058 04. 6027 42.8211 37. 4145 9.8626 | cmmmeaoo
800 8,3704 4, 5387 85. 4809 54. 1306 31.8648 7.2487 | e
700 8. 5004 § 3778 640, 3388. §6. 4313 27.0238 - 8259 | e
800 8. 5024 6. 2325 67. 1887 56. 57127 28.7500 3.8256 | oo
900 8.6608 7.0958 68.0616 57.5888 . 2008 2.6768 | ooaoo-.
1000 8.7002 7.0648 68. 9205 58. 5042 10,1610 1825 0.01791 L7540
1100 8.7472 8.8371 69,7038 59, 3360 17. 4840 1663 0. 01427 0.9961
1200 8.7768 0.7133 70. 6895 60.0084 16.0839 1528 01142 | .3623
1300 8. 8002 10. 5021 71. 5483 60. 8018 14,8971 1413, . 00931 —~. 1759
1400 8.8190 11,4781, 72. 4293 al. 4547 18. 8785 1315 .00733 —. 6388
1500 8.8328 12. 3557 78.8119 62. 0638 12, 0948 1229 . 00618 —1.0413
1600 8. 8471 13. 2307 4. 1950 62 6341 12. 2202 115 0.00518 —~1.3M45
17060 8.8577 4. 1249 75.0811 63.1708 11. 5362 1087 . 00461 —1.7072
1800 8.8686 15.0111 75.96738 63.68774 10. 9277 1028, . 00878 1. 9850
1000 8.8742 16. 8982 76. 8544 64. 1570 10. 8820 975 . 00330 -2
2000 8. 8807 18. 7858 77.7421 64.6123 9. 8021 o7 . 00287 —2.4618
2100 8.8863 17.6742 78. 6304 85. 0457 9.4478. 834 0. 00238 —2. 6667
2200 8. 8012 18. 5631 79. 5103 85, 4592 0. 0436 84% . 00224 —2.8534
2300 8. 8955 10, 4525 . 4087 5. 8546 8.8744 808 00183 —3.0244
2400 8, 8993 0. 81.2084 66. 2332 8. 3358 ricd] 00170 —3.1818
2500 8. 9026 21,2323 82.188% 66. 8.0241 744 00166 ~3. 3266
2600 8. 9056 22,1227 83.0789 06. 9458 T.7368 bl 0. 00152 —3. 1608
2700 8. 8082 23. 0134 83. 0606 67.2819 7. 4696 690 00117 ~3. 5864
2800 8. 0108 23,1043 84,0605 67. 6060 7.2220) %_ - . 00104 —=3.7015
2600 8. 9127 24. 7055 85. 7517 67. 9187 8. 9913 i 00107 —38. 8098
3000 8.0146 28, 6569 86. 6431 . 68.2 6. 7759 622 -3.8111
3100 8.0184 26.5784 87. 5346 a8, 5132 Q. 5744 602 0. 00088 —4. 0061
3200 8. 9180 27. 4701 . 4263 68. 7963 6.3854 584 . 00063 —4.0036
3300 8.9104 28. 3620 89, 3182 . 0708 6. 278 566 . 00063 —4.179%
3400 8. 0200 . 2540 90. 2102 69. 8370 6. 0407 580 . 00056 —4, 2500
3600 8, 9220 30.1462 o1, 102_4 69, 5956 5. 8830 534 . 00087 —4.3341
3600 8.9231 81.0384 81. 9946 68, 8470 b. 7341 520 0. 00046 —4, 1051
8700 8. 0241 1. 9308 92.8870 70.0015 5. 5931 508 . 00034 —4. 4725
380G 9. 9250 82.8282 08,7704 70,3295 B 4586 492 . 00085 —4. 5365
3000 8. 0250 33.7188 . 8720 70. 5614 5. 8320 480 . . 00040 ~4, 5974
4000 8, 0267 34 6084 96. 5046 70. 7873 5. 2125 468 00035 —4. 6554
4100 8.0274 38.5011 06. 4578 71. 0078 5. 0080 457 . 00039 —41.7108
4200 8.0281" 36. . 8501 71. 2220 4, 0888 c 448 . . 00028 —4.7634
4300 8.0288 87. 2429 «4330 4.8848 436 . 00021 —4. 8130
4100 8.0204 38.1706 69. 1358 71,0383 4. 7855 42¢ . 00023 —4. 8622
8. 9300 30.0726 100. 0288 71.8390 4. 0900 417 . 00025 —4. 9084
4600 8. 9305 38 100. 6218 72.0342 4. 5007 407 0.00030 -4, 0527 188 0. 00260
4700 8.8310 40. 8587 101. 8149 72.2273 4, 5128 399 . 00028 —4, 9653 184 . 00247
4800 8. 0318 41,7618 102. 7080 72.4153 4, 4204 391 . 00030 ~5. 0361 181 . 00246
4000 8.9819 6450 . 103. 6012 - 72, 5995 4. 3496 383 .. . 00020 —5. 0755 177 . 00240
5000 8.0328 48. 5382 . 4044 72.7 42727 375 . 00027 —51133 174 . 00228
5100 8. 9327 44, 4315 105. 3877 72. 9568 4.1080 - 368 0. 00013 =5, 1497 171 0. 00222
5200 8. 0331 43,3248 281 78.1303 4.1280 361 00019 —5.1848 168 . 00220
5300 8. 0334 46. 2181 107. 3743 . 3005 40597 384 . 00014 —5. 2187 185 . 00214
8400 8.0337 47,1114 108. 0676 78.4674 3.9840 348 . . 00013 —5. 2514 1681 . 00223
5500 8.9340 0048 108. 9610 73.6814 8. 9306 841 . 00021 —5.3820 159 . 00221
5600 8.0343 109. 8544 73,7024 3. 8685 335 0.00023 —&6.3188 156 0. 00213
5700 8.0346 49, 7017 110. 7479 . 9505 8.8105 320 ..00018 —5.3430 15 . 00222
5800 0. 9340 6352 111. 8414 74,1059 3.7536 324 . 0008 —5.3716 150 . 00218
5500 8.8351 51, 5787 112, 5349 74. 2588 3.6486 318 . 00020 =5.3902 148 . 00213
6000 8.8353 82, 4722 113. 4284 74. 4088 8.0454 ———— [ —5.4260 | oiocoiin | mmmemmmeeean
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GENERAL METHOD AND TABLES FOR COMPUTATION OF EQUILIBRIUM COMPOSITION AND TEMPERATURE 869

TABLE XXIX—~THERMODYNAMIC PROPERTIES OF H (GAS) o

[Atomic “:elght. 1.008]

- ce Hy—HY Hg S3
S | (a2 | () | () | (=2
mgale °K mole, mole mole °K
0 | 0 853285 | e
208.18 4. 0680 1.4812 86. 8007 27.3027
300 4.9080 L4004 £0. 8180 27. 4282
400 4. 9680 1.6872 87.3187 28. 85624
500 4.9680 2.4840 87. 20,0610 .
600 4.0680 2,0808 88,3083 30. 8667 _
700 4.0880 3.4776 88,8061 8L.6326
800 4. 8680 3. 9744 89,3029 2050 -
900 4.0880 - 4.4712 89.7097 82,8811
1000 4. 8680 4.9680 90. 2085 33. 4045
1100 4. 9680 5.4648 £0.7933
1200 4. 6680 5.9616 61,2901 34.3103 _
1300 4. 8680 6.4584 91.7869 34,7078
b 1400 4.0680 6.9552 2887 35. 0761
1500 4.0680 7.4520 92. 7806 35,4388 . B
1600 49680 7.9488 938. 2778 35. 7395 -
1700 4.9880 8.4458 93. 7741 38, 0407
1800 4.9680 8.9424 04. 2708 36.3246
1800 4. 9680 9.4392 94. 7877 38, 5082
2000 4. 9680 9.9360 06. 2045 36.8480
2100 4.9680 10.4828 05,7618 87,0004
2200 4.0680 10.8298 06. 2581 37.8215
2200 4.0680 11.4284 06, 7549 . 5424
2400 4.9680 116232 67. 2617 37. 7838
2500 49580 12,4200 . 7485 . 5586
2600 4. G680 12,9163 38. 1515 .
2700 4. 9680 13.4188 €8. 7421 88, 3300
2800 4.6680 13.0104 99,2380 38.5196
2000 4.9680. 14.4072 99. 7857 . 6940
3000 4.9680 14. 8040 100. 2825 29.8624
8100 40880 15. 4008 100.7203 80.0253
8200 4,0680 15.8976 101, 22681 89.1830
3300 4.0680 16.3644 10L 7229 80.3350
3400 46680 16.8012 102, 2197 30.4842
3500 4.9680 17,3880 1027165 30,6282 .
4,0080 17.8848 103. 2188 39. 7681
8700 4.9680 18.8816 103. 7101 80.0043
3800 4,98%0 18.8784 104. 2069 40,0368
3900 4. 0880 19.8752 104. 7087 40.1688
4000 4.0680 19.8720 105. 2006 40. 2916
4100 4.0880 20. 3688 105.6073 40.4143-
4200 4. 0680 20, 8656 106. 1941 40.5340
4300 4. 0480 21,3824 106.6908 40, 6509
4400 4. 9680 21,8592 107.1877 40, 7651
4500 4. 9680 22. 3560 . 8845 40,8767
4600 4. 5680 22,8528 108. 1813 40. 9859
4700 4.9680 23. 3406 108. 68781 41,0028
4800 49680 23.8464 100. 1749 41.1878
4800 4. 9680 24,3432 100.6717 41,2008
3000 4. 9680 24. 8400 110.1885 41,4002
5100 4. 0680 25. 3388 110.6653 41,4085
5200 4. 6680 25.8333 111.1628 41, 5050
- 5300 4. 5680 3304 111.6589 .6896
5400 4. 8680 24,8272 112, 1557 417825 -
5500 4.9680 27,3240 112. 6525 41.8736
5600 4.9680 27.8208 113.1493 41,9832
5700 4. 8880 23,3176 118.6481 42 0511
5800 4.9680 28.8144 1141429 42,1376
5800 4..9680 29.8112 .| 1146897 42 2924
6000 4. 9680 29. 8080 115.1365 42 3059 -
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TABLE XXX—THERMODYNAMIC PRO_PERTIES OF H, (GAS)
[Molecular weight, 2.016]

ce Hy—H! H Y =.-_'T(_¢_ b) _—_87‘(5_ )

7 ’ #-Hp ¥ St arr T EF)IN\T 8 log K= 1o { 7td

K (_.,1_) (ﬁ) ( keal ) ( cal ) Br ik log K
mole °K mole mole mole °K e b e 4

[ N S 0 7. 4160 SRR SN IR SR S R R
208,18 6.802 2. 0288 £9. 4407 3L 211 175.8207 | ... S .

300 6.8058 2.0365 69,4834 31,258 1747610 | . O 70, 7414

400 6.974 2. 7310 70. 1479 3. 250 L4485 | . | e BL.7421

500 6.993 3.4205 0. 8464 34,809 1054544 | D | . 40, 3090

600 7.008 4,148 71. 5456 36.084 88.1261 | ... - 32. 6069

700 7.035 4,8315 T2. 2484 87.167 787454 | oo 27.1921

800 7.078 8. 5374 72, 0543 38.108 66. 4582 e - 23,0744

900 7.189 6, 2450 78. 6649 38. 046 589.2822 | . — 19. 8838
1000 7.219 6. 9658 74,8827 39. 7040 83. 4478 5185 17. 2583
1100 7.810 7.6023 75.1082 40. 3963 48.7111 4712 15. 1766
1200 7.407 8. 4281 75. 8450 41,0865 44. 7500 4318 13, 4208
1300 7. 509 9.1739 76. 5608 41, 6334 41,4128 3985 . * 110138
1400 7.615 9. 9301 1734 49,1038 88 5400 8700 . 10. 6275
1500 7.7202 10. 6969 78,1138 49, 7227 36.0468 | - 3454 02605 0. 5105
1600 7.8232 11, 4740 78. 8900 43,2243 3. 8020 8240 0. 02502 8. 5311
1700 7.9220 12 2613 79.6782 43. 7016 3L 9311 3051 . 02400 7
1800 8.0185 13, 0584 80. 4753 44,1571 30, 2121 2884 . 02261 6. 8041
1900 8.1003 13.8648 81,2817 44. 5931 28, 4716 734 . 02170 6. 2029
2000 8,1849 14 6800 22, 0968 45.0112 7. 2829 2600 02081 5. 5798
2100 8. 2762 15 5036 82. 9205 45, 4130 26. 0245 2478 0. 01954 5.0161
2200 8. 3537, 6. 3351 8.7 45, 7008 24. 8788 . 01867 4.5010
2300 8.4274 17.1741 84. 5010 46.1728 23. 8308 2207 L1782 4. 0308
2400 8. 4977 8. (204 85,4378 46,5320 22. 8687 2174 .01690 3. 5004

8. 5647 18. 8736 - 86. 2004 48. 8812 21, 9822 2080 . 01604 8.2018

2600 8. 6288 19.7831 87.1500 47.2183 21.1627 01 0.01810 2.9344 903 0. 00541
2700 8. 6896 2. 5001 880160 47. 5451 20. 4027 1938 2, 4938 873 . Q0481
2800 8. 7479 21. 4709 &R, 8878 47.8622 19. 6959 1870 oLa7 21772 843 00441
2000 8.8042 22, 3485 89,7654 48,1702 19.0369 1807 01377 1.8821 816 . 0043
3000 8,8587 23, 2817 18. 4208 1748 01323 1. 6064 789 .
8100 8.0118 24,1202 1. 5871 7609 17.8487 1698 0.01204 1.3482 764 0. 00355
3200 8. 0636 25. 0140 49,0447 17.3017 16840 01253 1.1080 741 .
3300 9.0143 25. 8129 08. 3208 40.3213 16.7919 1501 01268 &8l 719 . 00813
3400 0.0639 26. 8168 04, 2387 3911 16.3113 1 01219 6835 690 . 00279
3500 9.1125 27.7250 95. 1425 49, 8545 15. 8574 1502 01208 4810 680 . 00241
3600 0.1602 28, 6302 96. 0561 50,1119 15. 4281 1461 0.0118¢ 0. 2667 662 0. 00228
3700 9. 2070 20, 5676 08, 745 15.0214 1423 a1153 644 . 00223
3800 9. 2529 30. 4500 97. 8975 50. 6097 14. 0354 1388 . 01182 —. 0832 628 00197
3900 9.2070 81. 4081 98, 8250 50.8508 14. 2087 1351 . 01125 —. 2482 613 . Q0175
4000 9.3421 32.3401 0. 7570 51,0866 13. 0197 1318 .0110¢ - 8 . 00165
4100 0. 3858 33. 2765 100, 6934 51.3178 13. 5872 1287 0. 01067 —0. 5487 584 0. 00146
4200 9.4288 34.2172 103. 6341 51. 5445 13. 2701 1267 . 01057 - 5711 . 00131
4300 0.470¢ 35.1621 102 51. 7668 12 9672 1220 .01038 —. 8233 - 558 . 00118
4400 9.5118 36.1113 108. 5282 51. 9850 12. 6776 1201 01031 —. 0513 546 . 00007
4500 9. 5526 37.0645 104. 481¢ - §2.1002 12, 4003 175 01017 —1.0738 536 . 00080
4600 9. 5028 38.0217 106. 4386 52,4006 12.1347 1150 0. 01002 —1.1907 524 0. 00071
4700 9. 6324 38. 6830 108. 3990 52. 6104 11. 8300 127 —1.3029 814 . 00042
4800 8.6714 30. 0482 107. 3851 32. 6106 11. 6856 1104 00960 —1.410¢ 508 . 00045
49000 9, 7099 40, 9173 108. 3342 53, 0184 11. 4005 1082 —1. 5135 194 . 000%0
5000 9.7479 41. 890} 109, 3070 53,2158 11.1746 1061 00936 —1.6126 484 . 00020
5100 9. 7853 42. 8668 110. 2637 53. 4008 10. 9572 1041 0.00881 - —1.7077 478 0.00015
5200 9.8222 43 8472 1112841 0. 7477 1021 . 00916 —-L 7902 108 . 00018
5300 9. 8586 44,8312 112. 2481 53,7871 10, 5450 1008 —1.8873 458 —. 00001
5400 6. 8945 1183, 2358 53,9717 10. 3511 085 00891 —1.9721 450 —. 00002
5500 9. 9200 40,8101 114. 2270 54.1536 10.1631 967 —2.0539 442 —, 00013
5600 9. 9649 47. 8048 115. 2217 54,3828 9. 0816 1] 0. 00878 —3.133%7 a3 -—0.00014
5700 9. 9004 48 116, 2300 54. 5085 9. 8060 93%‘ . 00867 —2 2087 427 —. 00012
5800 10.0334 49. 8047 117.2316 54. 6887 9. 6363 91 -2 282 420 —. 00020
5000 10. 0870 50. 8007 118. 2268 0.4720 00843 —8, 3581 13 —. 00033
6000 10.1001 51,8181 110. 2350 56. 0260 8.8128 | coe | mmmeean —2.4216




GENERAL METHOD AND TABLES FOR COMPUTATION OF EQUILIBRIUM COMPOBITION AND TEMPERATURE

TABLE XXXT—-THERMODYNAMIC PROPERTIES OF HC! (GAS)

Piolecular weight, 35.465]

AH™ —Tfec - —&Tf ¢
Ce Hy—H Hy A _AEPN  —é ) 5T
r < =43 L 5 ae ICFT )T (T"H’ N 8log K=—yo7( 7H¢
K} ( cal keal ) keal ) ( cal —~57 log K -
mals °K mole mole male °K & b e d
[ I — - 15. 5026
208.16 6.98 2.0648 17. 6574 i4 617 174 1180 T0. 7506
300 6.66 2.0778 17. 8704 44 661 _ 173. 0508 70. 2860
400 6.97 27740 183668 4. 856 130. 2118 51. 4775
500 .00 3.4730 19.0656 48,224 104 5100 01622 | o | Sl
600 07 - 4.1786 19.7602 40, 506 BT8HT T oo | e 325758
700 717 4.8881 20. 4807 0. 603 0. 7) S S S 27. 1468
£00 729 56112 21. 2038 3L 568 859856 | oo | o 230628 | _lacaaas ——————— —
%00 .42 6.3468 21,6304 52 434 8762 | s Vo 10.8761
1000 7.554 7.0850 26878 82220 0404 0.04262 " 17.8%0L 274 0.02943
1100 7600 7.8572 2. 4108 53,0484 48,3304 0.04023 15,2284 2071 0.02567
1200 7.819 & 6326 24, 2252 6220 44,4150 . 03660 18. 4710 1008 02145,
1300 7.938 9.4205 25, 0131 3. 2538 41,0884 .03354 11. 9368 17680 - 01876
1400 8.048 10.2167 95.8123 55,8458 22 02008 10.7107 1637 -01667
1500 5.1 1L 0260 26.6216 56,4041 IR 02458 9. 6027 1530 01505
1600 8.221 1L 8470 27,4396 9320 33.5792 3227 0. 02197 8. 6814 1437 0.01331
1700 8202 12.6727 28 2553 87,4325 3L 6530 2040 .02031 T.T728. 1365 .0LIT2
1800 8.358 18. 6062 20. 0678 57.908% 29. 9408 2871 . 7. - 1282 .01036-
1000 8.426 143444 29,6370 38,3621 284183 2723 - 01870 6 1218 ~00980.
2000 8.48§ 15.1901 207827 8. 7068 27.038L 2500 01717 57056 1167 . 00855
2100 5. 545 16.0417 31. 59,214 25.7876 2471 0.01502 51461 103 0.00804
200 8.595 168687 324013 0. 6100 24. 8404 2361 . 01868 48367 1035 . 00710
2300 2643 17. 7606 33.3532 50,0082 726089 262 01240 4.1700 1010 . 00867
2400 8685 18.6270 34,2106 60. 3619 22 540 2160 .0L190 3.7434 060 - 00620
2500, 8.726 19.4976 350902 60. 7172 2L 7745 -0103¢ 3. %31 .00582
2600 §.762 20.3720 359648 6L 0802 20.0818 2007 0. 00097 2 G857 896 000545
%8 8.796 71,2489 8435 61.3915 20. 2085. 1934 -00939 2 6454 881 . 00513
. 8829 22 1311 377237 6L 7120 105081 1868 -00846 2347 834 - 00471
2000 8.855 23,0155 8. 6081 0223 18.8558 1805 -00783 2 (424 806 . .0043
3000 8.885 23. 6028 394952 62 3231 18.2463 1745 00780 1.76€3 . T80 - 00409
3100 8.912 24,7025 40.3851 62. 6148 17.6756 1601 0.00706 L5136 756 0. 00875
3200 8.937 256849 41,2775 62 8982 17. 1401 1639 . 00633 1.2738 733 -00358
3300 £.061; 28 5798 42 1794 68. 1736 16- 6366 1501 -00626 1.047% 711 -00348
3400 . 8,083 27,4770 43,0696 63,4414 161624 1545 - 00607 -8353 60L . 00327,
3500 . 0.004 28 361 43. 8600 83,7021 157149 M2 -00578 .6316 671 ~00321
3600 . 9.02¢ 20.2778 44.8704 68.9560 15.2019 1462 0.00527 04450 54 0.00284
3700 0. (043 . 1811 45,7137 64 2036 14. 8915 421 .ggﬁg - 2054 436 . 00283
3500 2 063 310854 46. 6790 64, 4450 14. 5119 1386 . .0g52 00273
3000 8.081 3. 9838 47.5862 G4 6306 14. 1518 1352 . 00480 —. 0685 804 00270
000 9.068 32.8026 48,4082 64. 9108 8039 1318 . 00474 — 202 59 . 00250
4100 9 u5 238182 49, 4058 05. 1356 13.4897 1287 0.00437 —(. 3868 578 . 00226
4200 9131 8472855 50. 3181 65. 5554 12.1719 1256 00451 —. 5060 883 . 00217
1300 9.147 356304 51. 2320 85. 5705 12. 8763 1228 - 00421 —. 6391 551 L0197 _
£100 9,162 6. 5549 G2 1478 85. 1810 12 5920 1202 .00370 —. 7863 538 -0019£,”
4500 9,176 37.4718 65. 0870 12.3a11 1174 L 00408 —_ 5878 &7 183"
4500 0. 191 38.3901 3. 8827 64. 1888 12 (0618 1150 0.00372 —L 0042 516 0.00171
4700 9.205 308090 54.9025 66. 3867 118134 - 00341 —L1E 505 -00160
4800 9.218 40, 2311 85.8237 66. 5806 1L 5752 1102 .m —1.2226 495 00158
4000 0.282 41,1538 .56.7462 66.7208 113465 1081 . —1.3252 485 -00
5000 o245 |, 42074 57. 6700 66.0574 111269 1060 - 00336 ~1.4958 456 -00147
5100 g 287 43.0025 5. 5951 67. 1408 10. 9157 1088 0.00348 ~1.5188 487 0.00130
9270 43.9250 50. 5215 e.-._.%.m_ 10.7128 1020 . 00325 —L 6088 458, .00,
5300 9. 282 44,8565 L 60 4461 “7"?-7“? 10. 5169 1001 -00318 —1.6076 d -00145
5400 9.204 45. 7853 61.3779 6. 65 10.3284 082 - 00325 ~1.7822 441 ~00142 ”
5500 9.306 46.7183 623070 87.8415 10- 1466 264 - 00316 —1-8638 423 -00138
5600 9.318 47.6465 83. 2801 68.0083 9.9718 U7 0. 00326 —~L.6425 429 0.00126
5700 9.330 48. 5780 64 1715 631743 9. 8019 830 -003z26 | —~2.01I85 49 00116
5300 9.342 49, 5125 65. 1051 68.3367 0.6333 a4 00328 1| —2.0018 412 ~001i7
5500 0354 50. 4473 66. 0399 4085 9. 4501 900 . | —2 1620 105 -00110
6000 9.365 53832 66.9758 £8. 6538 0821 | eoooen | e —2.2315 s Tl
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TABLE XXXII—THERMODYNAMIC PROPERTIES OF HF (GAS)
[Molecular wetght, 20, 008]

c Hp-Hy | Hp s (- H") ‘T( +a)
AH® T -
© (e &) | o) |GGEw)| T "
mole © mole mole mole °K . a
[ 2 S 1] [+ I B ¢ S R

298,16 8. 0615 2.0553 2.0553 41,5114 227.1579 93, 4523

300 6. 9615 20081 2,0081 41, 5542 225, 7764 02.8472

400 6. 0852 2. 7045 2.7646 8576 169, 7509 68. 3068

500 6.9715 3. 4613 8.4618 45,1124 136.1421 53, 5438 .

600 6. 0858 4,1592 4,152 3848 113. 7233 . §

700 7.0150 4,8592 4.8502 47, 4539 97.7043 38. 8149

800 7.0827 5. 5631 &. 5631 48, 4048 85. 6849 31,3051

900 7.1280 6. 2737 6.2727 49, 2396 76.3316 27. 1680
1000 7.2108 6. 9897 6. 9897 49. 9050 23.8476
1100 7.3038 7.7154 7.7154 0868 62,7128 21,1269
1200 7. 4035 8. 4508 8. 4508 51.3284 18,8850
1300 7.5059 9. 1062 0. 1042 51 9231 53,2672 18. 0201
1400 7. 6084 0. 9520 9320 4831 49, 18,2752 .
1500 7.7084 10.7178 10.7178 53,0114 46.3254 15,8304 1987 . 01653
1600 7.8048 11,4985 11. 4035 53, 5120 483, 5008 12, 5810 1866 0.01456
1700 7.8067 12, 2785 12,2785 53. 9878 41,0046 11, 4688 17588 01333
1800 7.9836. 18.0728 13.0728 54, 4417 38, 7835 10. 4788 1862 .0
1600 8. 0857 418. 8780 18,8750 54,8766 To40 9. 5017 ° 1677 . 01100
2000 8. 1427 14, 6854 4 55.2912 85.0012 © 8,7023 1500 01011
2100 8. 2160 15. 5088 15. 5033 6903 33,3774 8.0678 1430 0. 00920
2200 8.2828 16. 3282 0. 8282 56.0740 318005 - 7. 4086 137 .
2200 8. 3484 17. 1507 37,1897 50, 4436 30. 5486 6. 8050 1309 .
2400 8. 4081 17,9078 17,9973 8001 29, 3090 6. 2528 1288 . 00710
2500 8.4623 18,8407 57.1444 28,1673 5. 7433 1200 . 00685
2600 8.5152 10, 6898 10. 6896 57. 4773 27.1123 & 27T% 1161 0. 00630
10 8. 5850 5438 20. 5438 57.7908 26.1348 £.8383 1119 . 00598
2500 8. 6124 21, 4025 21. 4025 58.1119 26, 2257 4, 4307 1080 . 00849
2000 8. 6672 58, 4149 24, 3787 4,0528 1044 . 00510
3000 8. 7000 23,1338 23,1338 23. 6878 3. 6007 1010 . 00478
3100 8. 7408 58, 9951 22,8446 8.3601 079 0. 00426
8200 8.7197 24,8819 24.8519 50, 2732 22.1513 8.0580 049 . 00402
3300 8.8169 25,7617 25.7617 59. 5430 21. 4978 2. 7878 921 . 00382
3400 8.8527 6452 26 50. 8077 20, 8818 . 2, 4928 805 00349
3500 8.8872 27,5322 27, 5322 80. 0648 20, 3007 1047 . 00847 2 2334 870 . 00333
3600 8. 0205 28, 4228 28,4228 60. 315 19,7514 1894 0. 00821 1, 9884 847 0.00308
3700 8.9528 20. 3162 20,3102 60. 5606 19. 2313 1843 . 00820 1.7664 524 . 00296
8800 8, 0842 30, 2181 80. 2181 60, 7996 18, 7381 1795 . 00794 1. 5386 . 00285
3600 9. 0151 31.1130 8L 1130 6L 0834 18. 2690 1750 . 00780 1,3278 . 00240
4000 €. (M83 32.0161 32.0181 61. 2620 17,8248 1707 . 00758 1,1204 765 00231
4100 9.0750 82, 9221 32. 9221 61,4468 . 17,4007 1656 0.00733 . 0. 9408 748 0. 00228
4200 9.1043 33.8810 38.8310 6L 7048 1. 9067 1626 . 00756 . 7606 730 . 00208
4300 9. 1836 34,7420 84. 7420 61, 9194 16. 8111 1568 00759 . 5888 713 00195
4400 9. 1631 35. 8578 36, u478 62.1207 1a. 1581 .4248 001901
4500 9. 1936 36, 5158 36. 5766 62, 3359 15, 8802 1513 . 00849 2680 082 00174
4800 9. 2271 87. 4966 62. 5384 18. 8528 1479 0.1180 668 0.00187
4700 9. 2623 38,4211 + 38, 4211 82.7872 15, 2204 1448 00015 —.0258 654 . 0015
4800 9. 2978 30. 3401 39. 3401 62. 9326 14. 9190 1416 —. 1636 641 . 00138
4900 0.3335 40, 2807 7 63.1248 14, 6210 1 00910 —. 2088 00130
5000 9. 3500 41,2158 41, 2158 63.3138 14. 3345 1360 . —. 4229 \ﬁla .
5100 9. 4040 42,1545 42 1545 63, 4004 14, 0589 1334 0, 00878 —0. 5450 604 0.00125
5200 9. 4386 43,0060 43. 0088 63. 6824 13,7038 1309 —. 6624 592 00130
5300 9. 4726 44, 0422 44, 0422 63. 8625 13. 5379 1286 00444 —-.7TH 582 U112
5400 9. 5061 44, 9011 44, 9011 64. 0390 13. 2015 1282 00843 —. 8543 &1 .00118
8500 . 9.5301 45, 0434 64,2148 13. 0536 1240 00817 —. 9803 561 .00112
5600 - 9.5718 8089 44. 8989 64, 3868 12,8240 1218 0. 00822 —1. 0006 581 0. 00103
5700 0. 6040 47,8577 47,8877 64, 5585 6021 1198 00795 —1.1883 541 . (0102
5800 9. 6358 8 48,8197 04, 7288 12, 3876 1177 00801 —1.2826 532 00103
5900 0. 6673 49. 7, 49, 7848 4. 8888 12,1801 1158 00780 —1.3788 524 . 7
6000 9. 0086 50, 7531 50, 7531 85,0515 . 9793 ————— [P —1.4821 | sereemin | eeecmemceea-




GENERAL METHOD AND TABLES FOR COMPUTATION OF EQUILIBRIUM COMPOSITION AND TEMPERATURE 873

TABLE XXXIII—THERMODYNAMIC PROPERTIES OF H,O (GAS) -

[Molecular weight, 18.016]
AH® —3T/ ¢ 3T/ ¢
G Hy—Hp 2 5% AHP ‘( ®T /™0 (T+b) 8log K=—7o (T t ")
CE) ( cal kcal keal ( cal ) =T log K
mole °K mole mole mole °KE P B ¢ P
0 | cmmceam-an 1} 11.3311 [N I —
28,16 8.025 2 8677 12. 6988 3782200 151 5648
300 £.028 2.3820 13.7131 45154 F70. 9541 150. 5708
400 8185 21040 14. 5251 47,490 279. 0056 110. 2872
500 §.415 15.3568 49344 228 g5g 85. 8600
600 | sew 4.8822 16.2188 50908 187.1678 697280 | —mooee | ccemmmeeee-
700 8.059 57715 17.1028 52. 264 160.8663 58.0896
800 9.254 6.6566 18.0207 53.490 1411218 49,3548 N
200 9. T.6347 18.9858 54 599 126. 7485 4238l | T | CDTTITTTT
1000 9.861 $.6080 199301 55. 6180 113. 4858 37.0674 4575 0.05158
1100 10. 145 9. 60683 20.9894 56, 5712 103. 3487 32,5840 4438 0.0463
1200 10.413 10. 6862 219673 57. 4654 399 4076 -03902
1300 10.668 11.6002 7 23.0213 58.3080 87,7986 256855 3768 -03457
1400 10.909 12 7691 24 1002 50.1084 816758 22,9895 3505
11134 13.8712 25,2023 50,8657 76. 3615 20.5727 3278 -02650
1600 10843 14. 0051 60. 5989 71, T046 18.4983 3075 0.02428
1700 1L534 16.1859 27. 4500 612873 a7. 6866 16. 6652 2808 .
1 11708 17.8010 23,6321 610515 68.9267 . 15. 0832 2741 - 01957
1000 11.865 298108 62. 5887 80. 6450 N 13.5710 2800 -01770
12.008 15,6733 310044 63.2010 57. 6376 5, 65T -0327L 12,2533 2454 ~01570
2100 12.138 20.8806 -32.2107 68.7800 55. 0087 5,209 0.02966 11.0585 2855 0.01423
2200 12 266 22,1003 £.4814 64 3574 525704 5,064 . 0286 9.0730 2955 01277
2300 12,364 23,3818 34. 6624 640045 50.3418 4,810 - 02468 8. 0708 2160 -OLIE0
2100 12.483 24,8727 $5.9038 85,4328 48,2967 4, 658 0220 8,068 2072 .01060
2500 12,554 25.8235 7. 1546 65,0434 46,4133 £471 -02048 7.2250 1981 -00993
2600 27.083L 38.4142 66.4374 44,6732 4,304 0.01863 6.4582 1916 0.00927
2700 12.715 89,6819 86. 9150 43,0605 4,140 ~01691 5.7348 1846 - 00696
2800 12786 296253 40,9560 67.3706 4 4,005 01547 50681 i1 - 00856
2000 12.852 30. 8077 42 2388 8264 40. 1658 8,871 01407 4.4434 121 . 00803
3000 12.013 32,1980 435271 68. 2681 38. 8609 3,747 01239 8.8617 1666 00728
3100 12.968 33. 4500 44,8211 68. 6004 $7.6308 3, 0.01113 3.3170 1618 0.00684
8200 13.018 34,7858 16. 69.1020 38,4043 4,520 - 00893 2 8060 1564 . 00656
2600 18.064 38,0034 47,4245 69. 5042 354177 847 ~00890 2 3255 1817 .00842
3300 13.107 7. 48.7331 89. 8640 3,320 -00783 1.8729 1478 -00624
3500 13.147 88. 7147 50.0458 70. 2754 34473 3,228 . 00703 1.4488 1431 00610
3600 13.184 40.0312 51.3623 70. 8463 32. 5436 3,142 0.00801 1.0422 1302 0.00588 .
3700 13.218 41,3513 52. 6824 71. 0060 316884 2,050 - 00650 . 6801 1365 - 00572
15.250 426747 54.0058 71. 2608 30.8779 2,881 100484 .2978 1320 - 00554
3600 13.280 44 0012 55.5328 7L 7054 30. 1087 7 907 00435 - — 1287 - 00825
4000 13.308 45,3306 56. 6617 72. 0420 . 3777 7,836 - 00879 — 1255 . 00520
4100 13.334 46, 8627 57.9038 72.8710 28,6522 2,760 0.00321 —0.6845 1266 0. 00480
4200 13.358 47.9973 5. 72.6926 20157 2,705 . —. 6812 1198 . 00450
4300 13.381 49.5343 60. 8854 73.0071 27,3878 2648 -00262 —1.2643 1170 ~004i
4400 13.408 50.6735 62. 0046 73.3150 7 2,584 00238 —1 54T 144 -00438
4500 13.424 52.0148 63. 3459 73.6164 26,2079 2 528 -00204 —1.793% 1119 .00434
4600 18.444 53.3582 64, 6398 738117 25. 6563 2,478 0. 00203 —2.0409 1005 0.00412
4700 18.484 €6.0347 74,2011 25. 1281 240 00193 —9. 2780 1078 . 00396
4800 15.483 56.0510 67. 3821 T4 4847 2 287 -00182 ~2 5055 1051 - 00381
4000 13.502 57.4002 68.7313 T4. 7620 24 1881 23823 00170 —2.7238 1030 - 00370
5000 13.521 8. 7414 70.0825. 72. 0350 2,776 -00183 —2.0335 1010 00356
5100 13. 540 60.1044 71.4855 75. 3008 23. 2217 2,22 0.00177 —8.1351 901 0.00342
5200 13589 61. 4504 72,7905 75, 5660 22. 7007 2 180 . 00188 —3.3201 073 0032
00 13,577 62.8162 74,1478 75. 82654 22.3760 7148 -00172 —3.5150 955 ~00315
5400 506 64. 1748 75. 5058 76.0794 21 9765 7 108 . 00163 —8.6959 938 - 00305
5500 614 76.8864 76.3260 21 5016 2070 ~60166 —3.8605 o - 00304
560G 13,638 68.8077 T8.2288 6. 5746 2L 2203 2,083 0.00163 —4.0370 8905 0.00293
5700 13,651 68. 2619 0. 5930 76.8150 20,8620 1,008 - 00162 —4.1087 560 . 00285
13.669 0. 6270 £0. 9550 77.0585 20.515% 1,963 ~00159 —4 3550 875 0023
500 13. 687 70. 8957 82,3268 7T7.2873 20. 1816 1,980 -00168 —4. 5051 860 00277
8000 13.705 72.3653 28, 6964 7. 6175 10.68888 | —oo | e —aes2 | oo |
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TABLE XXXIV—THERMODYNAMIC PROPERTIES OF
e~ (ELECTRON GAS). .

[Atomlc weight, 5.4847x10-]

Cs Hy—-Hp JHy e
oK) ( cal ) (keal ) . ( keal ( eal )
mole °K mole mole mole °X
0 | cmeoe 0 60.0000 | —ooooaoo-o
298, 16 4.9080 1.4812 61.4812 4. 0882
300 4.9680 1. 4904 61,4904 5.0188
400 4.9680 1.9872 61,0872 0. 4480
500 4.9080 24840 624840 7. 5585
600 40080 - 2. 9808 62, 0808 8.4628
700 £.9680 2.4776 63. 4776 9. 2281
800 4. 9680 39744 63. 0744 9.8915
200 4. 9680 4.4n12 84. 4712 10.4708
1000 4.9680 4.9680 4. 1110001
1100 4. 0680 54648 65.4648 | 11.4736 .
1200 4.9680 5.9616 85. 9616 11. 0058
1800 4. 9680 6. 4584 60, 4584 12, 3035
1400 4.0680 6. 9552 68 12. 6717
1500 4.9680 7. 4520 67.4520 | 13.0144
1600 4.9680 7.0458 67.04887 | 13.3350
1700 4.9680 8. 4458 08, 4456 13. 6362
1800 4.9680 8. 0424 8. 0424 13.9202
1000 4.0680 9. 4302 69. 4302 14, 1888
2000 4.9680 9. 9280 69,0860 | 14.4438
2100 4, 9880 10.4328 70.4328° |  I4.6860
2200 4. 0680 10. 9206 70. 9208 14.9171
2300 4. 9680 11.4284 |  71.4284 15.1879
2400 4, 9680 11. 9233 719232 15. 3494
2500 4. 9080 12,4200 724300 | 15.8522
2600 4. 9680 12,9168 72.0168_| 157470
2700 4.9680 13. 4138 78.41367 | 156345
2800 4.9680 18,9104 73. 9104 16.1152
2600 - 4 0880 14. 1072 74 4072 16. 2805
3000 4.9080 L. 040 74. 9040 18. 4579
3100 40680 15. 4008 75.4008 [ 16.6208
3200 4.0680 15. 8976 75. 8078 16.7786
8300 4.9680 16,3944 76.3644 16. 9314
3400 4. 9680 16. 8912 76. 8912 17. 0757
3500 4. 9630 7. 77. 3880
3600 4. 9680 7. 77.8848 17,3637
3700 40680 18. 3818 78.3816 | 17.4908
3800 4. 9080 18,8784 78.8784 | 17.
3900 4. 9680 10. 3752 79. 5752 17. 7614
4000 4.9680 16. 8720 79.8720 17,8871
4100 4.9680 20. 3688 80,3688 ~ [ 18.0008
4200 4.9680 20. 8658 80.8656 | 18.1205
4300 4.9880 21. 3824 813624 .| 18.2464
4400 4.9680 21.8502 | - SL.8502
4500 4.9680 22. 3560 82. 3560 18. 4723
, 4600 4. 9680 22. 8528 82. 8528 18. 5815
4700 4. 968( 23. 3498 83.34067 | 18.6883
4800 4. 9680 28.8464 §3. 8184 18. 7929
4900 4. 0680 243432 84,3432 18. 8953
5000 4.9680 24. 8400 84,8400 18 9957
5100 4. 9680 25. 3368 85.3368 [ 10.0041
5200 4.9680 2K.8338 85, 8338 19.1906
5300 4.9680 28. 3304 86.9304 | 19.2852
5400 4.9680 . 28.8272 se.8272 | 19.878t
4,0680_ 7. 3240 87.32407] 19.4692
5600 4.9880 27. 8208 §7.8208 7| 10.5587
5700 4.9880 28. 3176 88.3176 19. 6467
5800 4. 0680 28, 8144 88.8144 | 10,7331
5900 4. 9680 20.3112 80,3112 19. 8180
8000 £ 9680 29. 8080 89.8080 .} . 16,9016
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‘TABLE XXXV —-THERMODYNAMIC PROPERTIES OF F- (GAS)
[Atomic weight, 19.00]

| oo —H . ( AH“) —3T(a ) —aT(c ) —
P » Hp—Hp H St ae '\ TRT “100(?“’ . §log K=y 714 )
' CK) eal ( kcal ( keal _i_) —RBT log K
. mole °K mole mole maole SK a 5 e T d
v
{ 0 R 0 BA 1773 R UV [N SN (RPN [PV S S ——
208.16 4. 0680 L4612 . 4593 34,7682 165 16818 9. 9505
300 4. 6880 L4604 13. 4685 34. 7088 164. 1636 60.6105
430 4. 0680 1.6872 18,9853 36. 2280 122. 8037 516418 [T -
800 4. 0680 24310 14 4821 37.3366 00.5784 40.881¢ | coeeee | cmmmmmmmeao
600 4. 8680 2.0808 14 0580 38.2423 £3.4222 336367 | ccoem ] e
0 4. 6680 3.4776 15. 4567 39. 0081 718780 28. 4472
800 4. 0680 3.9744 15.9525 30.6715 683.2172 24. 5355 ——-
900 4. 9680 4412 16. 4463 40. 2586 58.4708 A 37 7 A S — -
1000 4.9680 4.967¢ 16,9460 40. 7801 L0877 19.0187 2164 0. 05468
1100 £. 0680 54647 17.4428 41. 2538 - 46. 6755 16. 9963 1972 0.04997 ST
1200 4 6680 56615 17. 8366 41. 6858 42 6980 15. 3085 1812 . .04605
1300 4. 9080 6.4583 18. 43684 42,0835 39.8858 18.8638 16877 04234 —_
1400 4.9650 6.8551 18,9332 42 4517 .27 12.6234 1561 .(03053 o
1500 £.9620 7.4519 19.4300 42.7044 34 0053 11. 5432 1461 036848 .
1800 49680 T. 0487 19. 9268 43.1150 32 8817 10. 5936 1378, 0.03435 .
1700 4.9680 8.4455 _20.4238 43.4162 31.0050 9.7516 1293 .03210 _
1800 4. 9680 86123 20. 43.7002 £29. 5085 8. 9995 1227 . 03021 __
1000 40680 9.4301 21.472 . 0658 28,0880 8.3235 1165 . 02880 i
2000 4.9680 9, 8359 21. 9140 44. 2236 26. 809+ 7. 1110 02713
2100 4. 9880 10. 4327 22.4108 44 4660 25. 8526 7. 156& 1059 0.02614
4. 9880 10.9205 22.9078 44 6971 24, 6009 6. 6480 1014 02473 -
2300 4. 6680 11. 4263 4044 44 9179 23. 6406 6. 1833 a2 . 02380
2400 4 8680 I1.9231 23.9012 45. 22. 78502 5. 754 0234 02270 )
2500 49680 12,4100 24, 3080 45.3322 21,9503 5.8582 889 02173 T
2600 4. 9680 12.91687 24 8948 45. 5270 21. 2028 £.0007 866 0. 021068 o
2700 4. 9680 13.4135 25. 3016 45. 7145 20.5103 . 4. 6480 836 .02023 7
2800 4.0680 13.9103 25,8884 45.8952 19.8674 . 4.380L 808 .01938 -
2000 4.0630 14.4071 265. 3852 44. 0685 19. 2888 1678 . 00037 4.0319 T8 . 01883 .
3000 4. 9680 140039 26. 8820 48.2379 18.7101 1619 0008 3.7528 8 -01818 ’
3100 4. G680 15. 4007 27.3788 48. 4008 18.18%4 1565 0.00031 3.4596 785 0.01761
3200 4. 9680 15.8975 27.8756 5686 17.697¢ 1518 . 00030 3.2473 71+ 0L704
3300 4. 6680 16. 3943 28.8724 46,7114 17. 2871 1472 . 00036 3. 0089 604 .01668 - -
3400 4. 9680 18,6011 28,8602 8598 16.8038 1429 . 00021 2 7882 1] .01614 A
3500 4. 9630 17.387¢ 29. 47. 0038 16.3858 - 1388 . 00024 2.5702 658 R
3600 £ 0680 17.8847 20.8628 47,1437 16. (005 1350 0.00014 2. 3810 841 0. 01506 =
30 £ 08680 18.3815 3596 47.2798 15, 6446 1313 . 00027 21027 625 .01473 -
3800 4. 9650 18.8:83 30. 8564 £7.4123 15.2087 1279 00005 2.0135 610 - 01429 -
3600 4. 9680 19. 3751 31.8532 47. 5414 14, 9707 1246 . 00010 1.8428 585 QL4135 .
4000 4. 0650 19. 8719 31.8500 47. 8612 14. 6591 1215 . 00018 1.6780 582 - 01385 -
4100 4. 6680 20. 3687 32.3468 47.7808 14 3626 1185 0.00026 1.5248 569 0.01332 i
4200 4 0680 20, 8655 32,8436 47. 9095 140802 L1157 . 00013 1.3765 857 .01207 )
4300 4. 9680 21,3623 33.3404 48. 0264 13.8110 1130 . 00018 1.2330 545 01274 -
4400 4. 9680 21,8591 33.8372 48. 1406 13. 5540 1104 00017 L0964 534 .61243 T
4510 4. 0680 22 3559 343840 48,2523 13.3085 1080 . 00012 _-9633 524 . 01108 ~
4600 4. 9680 22.8527 34. 8308 48, 3815 18.0736 1067 0. 60001 0.8304 514 0.01174 -
4700 4. 6680 35.3276 48. 4683 12 8487 1034 . 00008 .TIS3 04 01150 )
4800 £ 0680 23.8483 35,8244 48.5720 12. 6332 1018 . T .0018 494 -0L138 .
1000 4 0680 24 3431 86.3212 48. 6754 12,4264 092 00000 4506 485 .OL110 .
5000 4. 9680 24 8399 88.8180 48. 7767 12. 2230 92 . 00011 .3815 477 . 01087 -
5100 4. 8680 25. 3367 37.3148 48, 8741 12,0373 953 0.00018 02771 468 (0.01670 -
5200 4. 9680 25. 8335 37.8116 48. 9706 11.8539 034 . 00017 . L1164 £60 .0I1051 -
5300 4. 9680 26. 38303 38.308¢ 49. 0652 16776 1T 00009 Ryl 453 .0103L "
5400 4. 9680 26.8271 38.8052 49. 1581 11.5076 900 -00018 —.0151 15 .01008 -
5500 4.06680 27.3239 39.3020 49,2402 11.3438 833 - -00012 —. 1061 439 . 00981
5600 4. 9680 27.8207 30.7088 40,3387 11. 1860 868 0.00012 —0. 143 432 0. 00981
5700 4. 9630 28.3175 40. 2068 49, 4267 11.0836 853 00003 —. 2087 425 00942
5800 4.9680 28.8143 40. 7024 49. 5131 10. 8855 838 00007 —. 3024 419 00928 _
5800 ° 4. 0680 20.3111 41, 2892 40, 5880 10. 7444 824 - 00007 —. 4827 413 00017
6300 £. 9680 20,8078 41, 7860 49. 6815 10,6070 | e | meeeeeeae o U [, -
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TABLE XXXVI—THERMODYNAMIC PROPERTIES QF Li+(GAS)
[Atomic weight, 6.940]

AH ~5Tfa =T ¢
. o Hy—H3 Hy s ae [P CHR) T () s1og E=T31 (542
(°K) ( oal ) ( keal ( keal ) ( cal ~RT log K _
mole °K mole mole male °K a b e d
a [E—— 0 230. 7200 [ B
298,16 4.9680 1.4812 232, 2102 31, 7682 .—211. 5052
300 4.9680 1. 4903. 232, 2193 81.7067 —210. 2220
400 4. 9880 1.0871 2327161 33.2259 —188, 2022
500 4. 9680 2, 4839 233.2120 84. 3345 -127.1337
800 4.9680 2, 9807 238. 7087 86. 2403 —106. 8514
700 4.9680 3.4775 234. 2085 36. 0061 —01, 5241
800 4, 9680 8.9743 234, 7033 30, 6895 —80.
900 4,9680 4.4711 238, 2001 T 37.2546 —T71.7410
1000 4, 0680 0679 285. 6969 87. 7780 —04. 8169
1100 4. 9680 5. 4647 236.1037 38. 2515 —50. 1518
1200 4, 0680 5. 9616 236. 69056 38. 6838 —54. 4308
1300 4. 0680 6, 4383 287.1873 39. 0814 —50, 4361
1400 4, 9680 6, 9551 237. 6841 30. 4496 —47,0121
1500 4. 9680 7.4519 238. 1800 3. 7024 —44, 0448
1600 4, 9680 7. 0487 238.6777 40. 1130 —41. 4480
1700 4, 90680 8. 4456 230. 1745 40, 4142 —389. 1569
4.9680 8.9423 230, 6718 40. 6981 —37.1208
1900 4, 90680 9. 4301 240.1681 0608 -—85. 2080
4, 9980 9. 9359 240. 66490 41,2216 ~33. 6577
2100 4. 9680 10, 4327 241, 1617 41, 4640 —32.1736
2200 4. 9680 10. 8205 241, 41, 6951 —30. 8242
2300 4. 0680 11, 4283 242, 1553 41, 9150 —29. 5918
2400 4, 11,9231 242, 8521 42,1273 —24. 4610
2500 4,0680 12,4199 243, 1489 42,3301 —27. 4210
2600 4, 9680 12.9167 243. 8457 42 5250 —28. 4616
2700 4, 9880 . 2441428 42,7125 —25. 5710
2800 4. 9680 13, 0103 244, 68 42, 8632 —24. 7482
2000 4, 9680 14, 4071 245, 1361 43. 0676 —23. 9749
3000 4, 0680 14 245, 6320 43. 2359 —23. 2554
3100 4. 0680 185. 4007 246.1207 43,3088 —22. 5816
3200 £, 0480 15. 8975 246. 6265 43. 5685 —21. 9402
3300 4. 9380 16. 3943 247.1233 43. 7094 —21.3544
3400 £, 0880 16. 8611 247, 6201 43. 8577 —20. 7938
3500 4. 9880 17.387¢9 248.1169 44,0017 —20. 2645
3600 4, 9680 17.8847 248. 6137 44,1407 —19. 7437
3700 4. 0680 18.3818 249.1108 44, —10. 2801
3800 4, 9630 18.8783 249.6073 44 4103 —18, 8387
3000 4. 9680 19,3751 250. 1041 44, 5393 —18.4106
4000 4. 9680 10,8710 250. 6009 44,6651 —18. 0029
4100 4, 9880 20.3687 251. 0977 44.7878 —17.6148
4200 4, 9680 20. 8855 251. 5045 44, 5076 —17. 2433
4300 4, 9680 21,3623 252 0013 45. 0244 —14. 8898
4400 4, 9480 21 252, 5881 45, 1386 —16. 5494 . . 5348 . 00968
4500 4, 0880 22,3559 253, 0848 45. 2602 —16.2244 —. 01641 -—3.3740 —663 —. 00927
4800 4. 0680 22,8527 258, 8817 45. 3504 ~15. 9126 —0. 01061 ~—38. 2216 —850 —0. 00890
4700 4, 0080 23. 3405 254, £5. 4683 —15.6182 —. Q1978 ~3. 0743 —a30 —. (0838
4800 4, 9880 23. 8463 254. 5753 45, 5709 —15.3256 —.01986 —2.9328 —826 —. (0814
4900 | 4, 9680 24,3431 285, 0721 45.6733 —15. 0487 —. 01990 —2. 7869 —616 —. 00770
5000 4, 9980 24. 8390 255. 5680 45.7187 —14, 7822 —. 01994 —2. 0680 —805 —. 00787
5100 4, 94930 25,3367 256. 0657 45,8721 —14. 5254 —(. 01082 —2. 5400 —595 —0. 00708
5200 4, 9480 83 256. 5628 45, 9685 —14. —. (1987 —2.4185 —3585 — 00072
5800 4, 9980 26. 3303 257. 0693 46, 0032 —14.0386 —.01 —2,3014 —578 el
5400 4. 0650 28. 8271 257. 5561 46,1560 —13. 8077 —. 01930 —2.1884 —508 —. 00583
4. 9680 27.3239 258, 0529 46. 2472 —18. —. 01904 —2.0702 —558 —. 00476
5600 £, 9680 .8%7 258. 5497 46, 3367 —13.3 —(. 01882 —1.9738 —55¢ —{. 00551
5700, 4. 9680 28,3176 269. 0465 46. 4248 —18. 1584 —. (! —L1.8718 —541 —. 005323
5800 4, 9880 - 2. 81 259. 46. 8110 —12. 9560 —. 01838 -1, 7782 —534 —. 00480
5000 4. 9680 29,3111 260. 0401 46. —12. 7606 —. 01813 -1 6777 —526 —, 00473
6000 4.6880 . 29.8079 260. 5369 48. 6795 =12.5708 | coccmeer | cmmmeeee —1.5883 —
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TABLE XXXVII-THERMODYNAMIC PROPERTIES

Li (GAS)
[Atomic weight, 6.940(
5] Hy—HY Hy S
B | (22| (E2) | () [ (o
(mola °K mole (mole (mole °K

[ [ )] - 166.8041 | __________
208.16 4, 9680 L. 4800 168.3750 33,1418
300 40680 1. 400& 168. 8845 33.1734¢
300 4.0880 1.9872 168. 8818 34,6028
500 4. 9880 2,4810 160.3781 35, T2
600 4. 9680 169.8749 38, 6169
700 4,9680 3.4776 170. 3717 7. 3828
800 9680 3.0743 170. 8684 38. 0461
900 4. 96680 4,4711 171. 3652 38. 6312
1000 4. 9680 40678 1718620 30, 1547
1100 4. 0880 §.46847 172. 3588 30.6282
1200 4. 0650 5.0615 172. 8656 40 0605
1300 4, 0681 6. 4583 173.3524 40, 4581
100 4. 9683 6. 9581 173, 8462 . 8263
1800 4. 8687 7.4520 | I74.3461 41, 1681
1600 4. 6608 T7.945¢ 174. 8430 41,4808
1760 4071 8.4459 175. 3400 41.7911
. 1800 40736 8.9432 175.8378 42,0753
1900 4. 9775 0.4407 176, 3348 12 3443
2000 4, 0828 8. 9358 176. 8329 42 5968
2100 4,8508 10. 4374 177. 3515 42,8431
2200 50011 10. 9370 177. 8311 43. 0755
2300 5.0142 114378 1:8. 3318 43. 2681
2400 5.0304 11,9400 178, 8341 43. 5119
2500 5. 0506 12,441 179.3382 437178
2600 5. 0742 12, 9503 170.8444 43. 9162
2700 8. 1017 13.4591 150. 8532 44 1082
2800 5.1832 18.9709 180. 8850 41 2043
2000 5.1887 14, 4850 181 3800 44,4730
3000 5.2053 150048 181, §089 44 6509
3100 5.2520 15,5278 182. 4219 44, 822¢
3200 82007 16, 0554 182, 9495 449829
3300 5.3407 18. 5879 183. 4820 45,1638
3400 5.4034 17. 1255 184. 0196 45,3143
3500 4. 4619 17. 6658 184. 5629 45.4718
3600 85223 18,2180 185.1121 45, 6265
3700 §.5841 18.7783 185. 8674 457788
3800 5. 6495 19. 8350 188. 2291 45.9284
3000 5.7182 19. 186. 7976 468. 0760
4000 8. 7870 20. 4768 187.3727 48, 2217
4100 21, 0809 187. 9650 46,3655
4200 5.68318 21. 6504 188 5445 18. 5075
4300 22,2473 188. 1414 48, 6430
4400 6.0818 22 8516 189. 7457 46, 7850
4500 6.1576 2. 4636 180. 3577 46. 9244
4600 6.2358 0832 100. 9773 47. 0606
4700 8.3129 247106 191 6047 47,1055
4800 6.301¢ 25.3459 2400 . 3208
4800 8.4702 25. 8890 1028831 47. 4619
5000 8. 5495 26. 6400 5341 47.5934
5100 6.6275 27.2958 194 1829 47.7238
5200 6. 7059 27,0865 164. 8506 47,8538
5300 6.7833 6389 1855340 47.9818
5400 8603 20.8222 166, 2163 48, 1088
5500 6.8373 30.0121 166. 6062 48,2359
5600 7.0130 80. 7096 197. 6087 48_3818
5700 7.083%0 314148 108. 3087 43,4863
5800 7.1617 1271 199. 0212 48.8102
5800 7. 2348 8469 189, 7410 48. 7388
8000 7.8068 33,5740 200. 48 8555

OF

~1
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TABLE XXXVIII-THERMODYNAMIC PROPERTIES OF LiF (GAS)
[Molecular weight, 25.940]

- T EN T R
ce Hy-Hy & mp | S ( “H’),'"_‘T 8 ) _-_‘7'(1 )
’ #-Hg ? o L s M Er ) (T'H . $log Km—pe { 74
(°K} ( cal keal keal ) cal BT P log K
mole °K mole mole mole °K ra - b ¢ d
[ 0 it ;.7 S I R
298.16 |  7.0836 2.0796 80. 0000 471200 2688
300 7.0872 20828 £0.0130 47.1645 231. 8488
400 7.9314 28129 7333 49, 2848 174. 9849
500 7.6048 3.5688 81. 4802 50. 9005 130. 7116
600 7.8484 4.3328 82,2532 52,3002 116. 6350
700 8.0471 5.1280 83, 0484 5.5 100.1316
200 8 2047 5.9409 83.8613 B4 6197 87, TADZ
900 8.8275 8. 7677 84. 6881 55,5035 78. 0930
1000 8. 4245 7. 6055 85. 5259 86. 4761 70. 3683
1100 8. 5016 8.4518 86,8722 57. 28% 640434 6306 0.01920 21,8896 2765 0. 01483
1200 8.5685 9. 3050 87, 2254 58. 7682 5785 - 01560 19, 5706 2538 0
1300 £.6137 10.1639 88, 0843 58. 7124 344 .01238 17. 6063 243 01173
1400 8.6549 11.0273 88,9477 59. 3528 50. 4741 496K 01050 15,9210 2177 .01077
1500 8. 6880 11,8045 £0. 8149 59. 9506 47.1536 4637 00858 14. 4589 - 00988
1600 8 7176 12, 7649 90. 6363 60. 8123 44, 2400 4350 0.00668 13. 1784 1907 0.00004
1700 $. 7416 13.6378 91. 5582 61. 0415 41. 6814 4006 . 00564 12.047 1766
1800 8. 7621 14. 5130 92, 4384 6L, BAL7 36, 3671 - 00433 100414 1607 00774
1900 8. 7706 15,3901 92. 3108 62. 0150 37,3585 3660 X 10. 1405 1609 00710
2000 8. 7048 18. 2688 94,1892 62. 4880 35, 5207 3488 -002T8 3280 1529 00030
2100 8.8079 17. 1488 950698 62. 8061 33.8570 3 0. 00109 8. 5040 1487 0. 00633
2200 8. 8104 18. 0303 95 907 3. 3061 2178 —. 00037 1 1362 . 00578
2300 & 8205 189128 96,8332 30. 9651 3040 —. 00017 7.3144 1 .
2400 8.8384 19. 7061 97,7165 64,0743 2017 —. 00280 6. 7638 1277 - 00540
2500 8 8463 20. 6804 98. 6008 4353 28, 5356 2803 —. 00378 6. 2376 1226 100520
2600 8.8534 21. 5084 99. 4858 7824 27.4813 2608 —0.00436 5. 7608 1178 0.00523
2700 8. 8507 22, 4510 100. 3714 65,1166 6. 4660 2003 — 53189 1136 - 00409
2800 88853 . 23. 8373 101. 2877 65. 4350 26,5440 | 2512 —. 00731 49082 1095 - 00511
2000 . 8.8704 24 2241 102 1445 85. 7501 2. 6851 — . 00867 £ 5255 1058 < 00483
3000 8.8750 25,1113 102. 0817 66. 0508 23,8841 2351 —. 00969 4.1680 1023 . 00480
3100 8.8792 25.9990 103. 9194 66. 3420 23 }g% : —~0.01079 3.8332 950 0. 00473
3200 8.8840 26, 8871 104 8075 66. 6230 210 —. 011 3.5191 o0 . 00479
3300 8. 8885 7. 7156 105. 6960 * 60,8073 21. 7759 %g —. 01248 3,237 230 L 004TT
3400 £.8897 23 106, 5848 67,1627 a1.15672 —. 01397 2 04b4 903 - 00470
3500 8.8626 29. 5535 107, 473 87. 4204 2030 — 01439 26827 7 - 00469
3600 8. 8053 0. 4420 108.3633 | ' 67.6710 20. 0251 1975 —0.01478 2. 4344 a7 0. 00493
3700 8.8978 313326 109 2530 67. 9147 19. 5061 1925 —. 01568 2,1992 829 . 00484
8800 8. 9001 32, 2225 110. 1426 68. 1520 19,0152 1818 —. 01674 19763 807 - 00498
3900 8 9022 33.1126 111 0830 68. 3832 18. 5604 1% —.01670 1.7643 786 - 00510
4000 8. 9041 34. 0020 111 6288 68, 6087 18, 1096 1 —. 01735 1.5627 766 - 00507
4100 £. 9060 34.8034 112.8198 26,5286 17.6811 1745 —0.01788 1.8708 748 0.00500
4200 8.9076 35. 7841 118, 7045 €0. 0432 7. 1704 —. 01788 1.1877 729 - 00617
4300 89092 36.6740 |- 114.5958 €0, 2528 16,0151 1 —. 01870 1.0130 712 .00528
89107 37. 5650 115, 4863 80, 4576 16. 1630 —. 01872 8450 606 . 00528
4500 8.9121 38,4571 116.8776 | . 69.6579 162118 6 — 01926 - 8860 680, . 00537
2.9134 30. 3484 117. 2688 64, 8538 15 1561 —0.01923 0. 5325 666 0.00541
4700 8. 9146 40. 2308 118. 1602 70. 0445 15, 5707 1529 —.01 . 851 . 00538
4800 8 41,1818 119, 0517 70. 2332 15. 2718 1407 —. 01941 24 036 - 00560
4800 8. 9168 42 119. 9433 0. 4170 4 1468 —~. 01970 “1003 023 * 00570
5000 £.9178 42,9146 120. 8350 5872 i ms 1487 —. 01938 - 611 - 00860
5100 8.9187 43, 8064 121. 7268 70.7738 14 4402 1400 —0.01646 —0.1462 598 0.00380
£ 9106 44 6984 122, 6188 70. 9470 141977 1381 —. 01017 - 588 . 00583
5300 9204 45. 5004 123. 5108 71. 1160 13.0563 1355 — 01633 — 2834 575 . 00582
5400 89212 124, 4028 7L 2836 13. 7247 1328 —. 01885 —. 4958 564 . 00565
5500 47,8746 128, 2050 .47 5021 1308 —.01878 - 553 - 00605
5600 8.0227 48, 2668 126, 1872 71. 68081 18. 2882 1279 —0. 01860 —0.7091 543 0. 00604
5700 89234 49.1501 0788 71. 7661 13. 0825 1255 —0 — 8104 53¢ . 00603
5800 8.9240 50,0515 127.9710 71,9213 12,8844 1282 —. 01811 —. D085 524 ~00809
5800 89246 50,9439 128, 8648 0 12,6087 1209 —. 01780 — L 0034 515 . 00817
800 | 80252 51. 8364 120. 7568 72, 2958 126100 | oooiml | el SR o7+ S R
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TABLE XXXIX—~THERMODYNAMIC PROPERTIES OF LiH (GAS)

[Molecudar weight, 7.948] ' .

o | m- - s b (32322 (20)] ST £44)
T ’ -5y i S ame PCFF)-T0 (0 3log K=oy ( 7+ ]
@ (@) G | Go) |G| 77 S
mole °K mole mole mole °K . a b ¢ l d
0 0 100.8225 ) ;
298.16 208 | 1924018 | 407063 | 10.063 :
00 2008 | 1024148 | 408398, | 1055238 - .
100 7808 | 1m0 | &2eor2 .73
500 08T | sese2 | G710
o o=
600 3281 1006506 | . 45078 53. 2862 -
T00 51218 | 1954441 105 | 45 T
80 56380 | 1062588 2807 | 40 o
%0 §758 | 1on0810 | 4agped | 3L&le '
1000 Te0Sl | lorems | w2 | aanr .
1100 8408 | 1m7e% | 0.8 | 2e4sr
1200 202 | imeuse | SLesd | zroele
1500 10,1807 | 2004732 | 52881 | 250820 .
1400 o134 | sovasm .| Goo | aoen :
1500 18809 | 20272 | MG | 2L 007
1600 L7er | 25022 | 541868 | 20.4887 0.00874
1700 13.622L | 2089446 | 54605 | 19.2012 00451
1800 104969 | ooueioe | sz | 18 -ows71
1900 15835 | 205 sneass | 1rnaze 00230
2000 162518 | ooasia | sere0 | 16 ooz ;
2100 17.1816 207. 4541 56. 5492 15. THL 1514 0. 00042
200 B0l | 2088852 61 | 150405 | a8 | —ooo%
Z00 188948 | 2002178 | Grame | ladns | is& | —.00m _
2100 0770 | Z1001004 rro0 | e | mz | —
2500 ZoeeM | 08D | 13305 | 122 | —.0043% .
2600 2546 | 211802 | Sease | 2smec | 135 | —0.o0s
2700 2437 | mETess | Meer | 12366 | s | —.o068
2800 mas2 | ua.eor | eeoms | 1Lem | uss | —.oem
2900 202088 | miszm | ewso2t | TLmes | mor | —oms
3000 250018 | 254148 | Serea2 | 11013 | 1088 | —.00875
a100 s5.gic | mesow | Gews | 1087 | - ws2 | —c.oms
8200 65073 | 271888 | e0.zBL | 1084 | wa | —ouwm
500 Zossr | zsom2 |- 60505 | 102 ws | —
3400 Weoid | 28069 | e0.&us g, 0568 g0 | —.04i6
3500 W | ;esss | eLor 9. 6341 93 | “oust
3600 04028 | zomsm | eLE:0 04457 g8 | —oou9
3700 sll2l | iesis | eLseer ozas | -5 | —.oms
3800 202010 | m2eae | orsow 8 0034 g7 | —.omer
3000 saoolo | 2m4se | e2oes s7ess | ss | “lowepo
4000 80621 | 24306 | 622005 85888 g6 | om0
4100 awsre | msiem | ezds0s £ 4028 a7 | —come2
4200 s5Tel | MB0Rss | 626960 & 287 % | —.oms0s
1300 86630 | 2mores | 620048 £ 0582 7 | —.ouss
1460 srois | zrsers | 631094 7.8091 i | —.oiss0
1500 88,4305 | 2S84 | 633007 7.7478 0 | .o
4800 W | 20.6106 | 630086 7. 6041 8 | —0.0108
40 078 | 20.s00 | eeez | -ndem 120 | —.08m
1800 s11008 | 2ide; | eassss 7560 04 | 0147
4900 2o | z2 820 it L | —a16r0
5000 9508 | 226 | 64245 Toee &5 | —.o1025
5100 @38 | mLlm | enem 6,081 53 | —0.01950
8200 weer | 24 64 5657 88731 e | — 0w
5300 455086 | mEsol | ea7ess & 7700 &7 | —omse
2400 608 | 2Bl | GLGIW & 614 g2¢ | —.01908
3500 wmzr | Bres 65170 e | —.ousel -
5800 g.922 | soue | msooa | Gaoss 6 4867 59 | —o.0850 :
5700 g£620 | 40ls2 | sy | eadny & £002 s | —.oea -
500 S92 | 50.0205 | 240.30 | 888520 g atri w8 | ~osm
500 gu22 | Soga0 | Ml | eszam gz | et | om0
8000 £9298 | SLsisé | 2421380 | 65EEs G168 | cooeoe | iemeene .
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TABLE XL—THERMODYNAMIC PROPERTIES OF N (GAS)
[Atomic weight, 14.008]

15 Hy-Hg Hg 83
°K) ( cal ) ( keal ) keal ( cal )
mole °K mole mole mole °K
0 [ 0 85,6806, | -memecaoe
208,16 4. 0680 14812 87. 4508 36. 6145
800 4. 0680 1 4004 87. 4600 36. 6450
400 4, 9680 1.6872 87.0568_ 38.0742
500 4, 0680 2. 4840 88, 4536 39.1828
600 - 4, 0680 2. 6308 9504 40, 0885
700 4, 9680 8.4776 80,4473 40,8544
800 4, 0680 3. 97 . 9440 41 8177
900 4, 9680 1.4712 . 4408 42,1029
1000 4, 9680 4, 9080 90, 837 42,0283
1100 4. 9680 5.4648 01,4344 48. 0998
1200 4. 9080 5. 9616 DL g312 . 5321
1300 4.9680 6.4584 02, 4280 43, 0207
1400 4, 0680 8. 9552 92.9248 44. 2079
1500 4.9680 7.4520 3. 4216! 44. 8406
1600 4, 0680 7. 0488 93.0184" 44,0613
1700 4. 6681 8. 4456 94,4152 _ 2025
1800 4, 0683 8. g424 0. 9 5404
1600 4, 0685 0.4398 98, 45151
2000 4. 9680 9. 9362 95, 9058 0608
2100 4,0697 10. 4381 94, 4027 46,3124
2200 4. 9708 10. 9301 06. 8997, 48. 5436
2300 4,0724 11. 4273 97. 3060 48, 7646
2400 4, 9746 11,9246 7. 8049 46. 0762
2500 49777 12,4222 o8 3918_\“ 47.17TH
2600 4.9818 149202 "98. 8808 . 47,3747
2700 4, 0869 13.4186 9. | 47, 5628
2800 4, 0035 18. 9177 90, 8873 47, 7443
2000 3. 0015 14,4174 100. 3870 47.9197
3000 5, 0108 14.9180 100, 8876
8100 5. 0222 18,4197 101.8893 48, 2530
] 5.0354 15, 9226 101. 48, 4136
3300 5. 0504 16.4268 102.3004 48, 5687
3400 8. 0676 16,9327 102. 90238 48, 7197
3500 5. 0866 17. 4404 108. 4100 48,3869
3600 5.1070 179602 | 103.0108 40.0105
3700 5.1312 4621 104. 4, 40. 1508
3800 5. 1567 18. 9765 104. 0461 _ 40,
3900 5. 1844 10,4086 105, 4632 _ 49. 4223
14000 b. 2143 20, 0136 1085, 6831 49. 5539
4100 5. 2461 20.5365 | 106.5061 | 40,6830
4200 1] 0628 107, 0324 49, 8090
4300 85,8158 21, 5628 107, §622 40, 0348
4400 5. 3533 22 1261 108 (B57 50. 0872
4500 5. 3027 22. 6634 108. 8330 50.1779
4600 5.4335 23.2047 | 200.1743 50. 2069
4700 5. 4750 23. 7502 09. 7168 5. 4142
&, 5197 24. 2008 110, 2605 50. 5209
4600 6. 5646 24,8542 110. 8238 50, g442
5000 5. 6100 25. 4128 111, 3825 50. 7671
5100 6.6881 25. 9784 111. 6460 50. 8687
5200 5. 7063 26. 5448 112 5149 9790
5. 7553 7. 1177 118, - 51. 0882
5400 5. 8052 27. 6957 113. 6653 511962
3500 &, 8558 28,2788 |- 114,2484 51,3032
5800 &. 9070 28. 8669 114. 83856 51. 4002
5700 4602 118. 4208 51, 5142
5800 6.0114 30. 0587 116, 0283 | 51,6183
5900 64 80. 6625 116. 6321 51. 7215
6000 8.117¢ 81.2716 117, 2412 51. 8238
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TABLE XLI—-THERMODYNAMIC PROPERTIES OF N, (GAS)
[Alolecular weight, 28.016]

AH®\ —5T( & ) —aT( ¢ )
ce Hg— Al N _—o1 =32
T . ; #—Hp = St AE® ’( RT) 10 (T[b log B 8log B=yor-( 71
K ( cal (_“ﬂ) (kﬂﬂ ( el RT &
mele °K mole mole mole °K a b ¢ ' 4
[ [—— - 0 16002
293. 16 8.660 2,073 3.7718 45. 767 268. 8283 110.4348
300 8 961 2 0851 3,78 45.809 287. 0864 118. 8856
400 6 991 2.782¢ 4 4816 47.818 215 6725 B7. 478 | - B [
500 7.0 3.4850 51842 49385 172 8306 88. 7250
F: )] 7.197 4.1880 5.5972 50. 685 144 2610 2064
oo 7.351 4 0253 6. 8245 61805 125.8438 41.2462
P 800 7.512 5. 8686 7.8678 52,707 108. 5207 40,5214
- %00 7.671 8.4280 8.1272 53.602 96,5937 35,2815 :
1000, 7.816 7.2025 8.8017 54. 5090 7. 0447 310841 3788 0.02405
1100 7947 t7.9007 9. 6899 852601 79. 2255 27. 6455 3418 0.02057
1200 8.083 8.7012 10 55.9585 727044 24 7766 3138 L0770
1300 8.165 9. 6026 11.3018 6080 67,1823 3485 2888 .01610
1100 8.253 10.4935 1219227 57, 2143 02. 4455 209614 2603 01847
1500 8.330 11. 2526 12.9518 57.7868 58.337 184526 2515 )
1800 £.399 12.0801 13. 7883 58. 3261 54.7210 16.8684 2360 0.01076
1700 8. 450 12.9320 14.6312 &8.8371 5L 5656 154604 2998 -00870
. 1800 8.512 13.7805 15.4707 50. 8221 487414 14,9247 2101 . 0088L
1 1000 £.560 14. 6341 16.3333 50. 7836 46,2132 13,1101 1601 -00330
| 2000 £.602 15.4922 17.1014 60. 2237 43,9387 12.1063 1863 00737
| 2100 8,640 16.8543 18.0535 €0. 8443 418760 11,1073 1804 0.00700
C 2200 8 674 172200 18.9102 6L 0471 40.0019 10.3703 1728 - 00647
' 2300 8.705 18. 0860 10.7832 61 4333 89901 9.6147 1649 - 00602
i 2400 8.733 8. 20. 6801 6L 267204 8.9216 1581 - 00570
2500 8750 19.8355 2L 5347 62.1614 35279 §.2835 1519 - 00827
2600 8.783 20.7126 22,4118 62, 5064 380421 7.6040 1461 000409
2700 §.805 21. 5990 23,2012 62 8378 82. 7060 7, 1470 1407 - 00500
. 2800 8.8253 224735 24T 63.1579 31 5508 66104 1387 -00477
D200 8.8440 23.3570 250562 63. 4670 30. 4916 6.1677 1311 - 00460
L3000 8.8610 24210 26,0414 63.7680 20,4947 5.7261 1268 .00427
i 3100 8.8774 25. 19201 26,8283 .|  G6L.0588 28. 5622, 5.3128 1227 0.00436
. 3200 8.8028 26,0177 77100 - 643400 27. 6580 4.9250 1180 . 00420
P 3300 8.5078 26. 9077 8. 6069 . 684 6148 26,8671 4. 5005 153 -00418
L3400 8.6210 27 TR01 20,4983 64.8509 0847 42172 1120 - 00390
I 8500 8.0340 6018 30.3910 . 65.1307 253687 3.8083 1088 -00358
| 2600 8.0462 29, 5358 31. 2850 85,8915 2. 6707 8.5872 1088 0.0ng85
, 8 8. 0877 30. 4810 32,1802 . 65. 6363 240301 32074 1029 00391
! ss00 §. 0656 318773 33.0765 - 65,8763 2453 2.0227 1002 . 60398
j 300 8.9700 32, 2747 33.9739 66. 1050 22,8336 2.7618 976 - 00400
4000 8.98%0 38.1731 34.8723.. 66.3364 22 2705 2.5138 952 -00390
4100 8.9887 340725 35 TFIT . 66. 5585 21 7541 2.2777 928 000405
P 4200 9.0082 9729 36,8721 88. 7754 o1 254t 20827 906 -00410
Y4300 0.0174 858741 | - 3T.5TR 86,9875 20. 787 1.8370 &85 -00408
4100 90263 36.7763 38, 4755 67,1040 20.3253 1&27 864 -00$20
4X00 9.03%0 37.6704 39.3786 67. 3070 16.8928 1.4365 845 -00420
4600 9. 0435 38.5833 40,2895 67. 5065 10.4700 1.2486 827 0.00414
4700 9.0518 394881 41,1873 67. 7911 19.0853 10685 808 - 00426
4800 90600 40. 3937 42.0929 6818 18,7081 8957 792, 00427
1900 9. 0881 413001 429993 68. 1687 15-3470 T8 T8 - 00450
5000 9.0780 422073 43. 9065 68. 3520 18,0012 _-bR 769 0048
, 500 9.0835 43,1153 44,8145 68.5318 17. 6899 0. 4170 744 0.00462
5200 9.0015 44,0240 45. 68.7082 . 3521 . 2663 20 . 00475
T 5300 00901 9336 46. 8815 17.0472 1270 ars . 00488
. B0 9.1066 45,8438 45 60. 0518 167544 —.0102 700 . 00513
b0 9.1140 46,7540 48 69. 2188 16,4781 —. 1426 . 686 . 00530
. 5600 9.1214 47.6665 49,3658 64: 3881 16. 2027 —0.2704 673 0.00543
i 5T0 9.1287 48.5701 . 50. 2783 69.5416 15,427 —. 3039 61 .00553
' 5300 2. 1358 . 4924 51,1916 89. 7084 15. 6824 —.5134 648 00577 -
3600 9.1431 50. 4063 52.1055 60.8508 15,4515 —. 6200 637 -00583
8000 91502 518210 52. 1202 70,0134 152194 — 7410
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TABLE XLII-THERMODYNAMIC PROPERTIES OF NO (GAS)
[Molecular weight, 30.008]

|- !
o | mm | m 5 [OEG) [l
r o Hy—H3 Ame o~ -5 LT slog K=o (244
B |(222)] (L) | (L ( T lg K
mole °K mole mole mole °K a e .8
i
"N P 0 BT | oo
ne.16 | TR 21042 gmee | TH.E | “ooreo
300 7,184 22008 | 2sests | co.ss | 208
400 7.163 1908 | 28265 | 8243 | 18
500 7.289 8B40 | 78er | bsLo48 | 124.51%
800 7,468 c8812 | or7me | 5892 | 10898
00 7.88 51366 | 84818 | 5065 0. 3049
800 7,653 59008 | 203843 |  &r.80 253
%00 7,980 gm0 | a0k | Mm% 69. 7015
1000 £.126 76060 | 308507 | .m0 | e2swms
1100 8243 8245 | sLeemz | 60150 | ol
1200 8343 o1557 | szdet | eosms | e2soue
1300 8 428 g2l | 3ames | eLbis | 485y
1400 s 10,8388 | s418%0 | ellses | 45 1io9 _ :
1500 8560 o2 | 85030 | eavs0 | 4dimle | 4% o0 | 12om 1815 01033
1600 5. al4 12.540 | ssspe | es3: | apowe | ssw | ooz | .0 | 1ms 0.00944
1700 £.680 184135 | se7ess | ensw8 | sand | s - 01086 g.9l62 | 1004 008t
1500 £702 142817 | gressd | eiLdsie | 328l | 344 - 00837 goles | 1816 o079
1000 8738 151697 | 304984 a3 | samdl | o0 ga10r | 14w 00740
2000 s 16092 | 308 65224 | 3L7ES | 3104 00711 Ta848 | 137
2100 3.801 16.0078 | 40.55 | ess;L | so.assl | s | 0.00816 6.8276 | 1302 0. 00028
200 882 s | 4Ligw | sacelz | mesrd | 2o 00820 6203 | 124 - 0033
200 5852 wesz | 4zoire | easdl | arvoss | zod 00478 sesz | 1 00825
2400 5.874 19,565 | 429042 | e6selm | 2ab7m | 253 00410 s | e
2500 8805 0480 | ‘Bom | onme | w8 | el 00332 L7 | 1007 0068
2800 8. 014 21304 | 4.6 | enomz | oeset | me 0.00236 1202 | 108 0.00429
270 £ 032 22007 | 45frsd | 6To100 | eme | il - 00154 %8973 1017 00419
200 8960 23,1248 05 | ol | 2esw 00163 3. 5200 1 - 00412
2000 5966 475952 sigd | zosm | 2w 00013 3.1875 030
8000 8,981 UoTe | 4828 | es8sy | ais | mes | — 28677 | 916 00362
3100 8986 258167 | 43.1614 | @948 | 20.69 | 20m | —0.00136. 2. 5633 887 0.00371
8200 9.010 7m0 | so0e7 | eeds2 | 2067 | 1961 — 00224 amn | 88 00360
7300 9,024 27 6187 | emr |l | o ~-00810 20283 Y - omss1
3400 9,087 g3 | - oLabes | ewssis | 1meis 1851 | —.00388 17748 810 oma
3600 o.040 w4 | s27rs | o284 | s | 1800 | —.004%0 1,567 787 00320
17 a0 9.001 30.9316 | @.0768 -| 7mdess | iress | 1m0 | —.00ss 13178 765 000334
amo 0.078 3wy | GLG80 | e | 14ms | 1ms - oosar L1077 745 200815
300 < 088 siues | onapop | 7oeser | 1se7es | 3ees | —.ooaas 9085 75 “o030
8000 9,098 B3.0553 | . oeaee | 7L2%2 | 16.mes 168 | — 00740 ‘714 707 oats
1000 0,107 #9884 | orewol | 7Lasse | I6is7 | lss |, —.o08i2 - 5305 689 “ocd2s
£100 9118 ssrw | o | 7Loss | 16 wp2 | —0.00872 0.382 813 0.00320
4200 9123 a5 | 0136 | 7L900S | 164197 | 1s18 . | — o096 856
4300 $.138 & 72,1154 18.0762 1485 —. 01000 0402 41 .
4400 9,148 ar.eiss | 60.9p12 e | 18 | ol | —ogwr 627 0317
4500 5,158 s 18 | 6Lkes | 7amiz | le4se | 122 | o83 | —. 2402 612 00320
4600 %168 s0.4481 | -ex708 | 7278 | 14187 | 13w | —o.oues | —0.57 50 0.00326
£700 0.178 40. 3654 63. 7101 72 13,8524 1365 —. 01148 -, .
4300 0,188 Amy | ehes | 7mime | 1ages | 13m —oume | —.6s46 574 00338
1900 9158 o7 | tamas | 1msier |0 ;s | —oo 7861 1 00360
5000 9.208 B2 | -840 | 78 | 1s06% - 8704 550 00356
5100 9.218 wous | @ menz | 12 124 | —v.0128 | —o.g52 530 0. 00355
5300 9,227 625116 25 | 10 | —oms | —losp 525 - 00308
£300 0,237 45, 8901 70381 | 1282 | a8 | —leme | —Lioz 517 00330
5400 0.248 sz | 70.180 12167 | 11087 | —oi8l5 | —1.2028 507 0382
8500 .25 | 4amw Tisres | ILesM | 178 _| —.o;33 | —Lassd 197 00105
5600 5,269 s.0884 | 720101 | 765464 | IL7e2 | 118 | ] —o.03m | —Ldaiz 0. 00109
0 0,275 w25 | 7iem L7008 | 1LEs = ~1.5me a8
- 9. 285 50. 6208 74,8709 11. 3914 117 —.013%2 —1 8576 - 00441
5000 9,204 sLaod | 7a7eu | 7meawr | 1Lzer | 10w .| —.0B97 | —L7dls 181 00447
8000 9,304 29798 | 757240 | 151860 | 100480 | ool J “UB [ il | et -
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TABLE XLIINI—THERMODYNAMIC PROPERTIES OF O (GAS)

[Atomie weight, 16.0000]

s Hy—Hy Hg S
(JK’) ( cal (kml) keal ) ( eal )
mole 5K mole mdle mole °®
0" R — 0 S0.6041 | ...
298.16 |  5.2364 1.607d 6L 2115 1880
300 5.2338 16170 61 2211 88.5010
100 51341 2.1340 617390 89.9815
500 5.0802 26454 62.2495 41.1308
600 50488 8.1517 62.7558 42.0540
700 - 5.0284 3.6555 63,2506 42 8307
800 5.0150 41578 63.7617 43. 5011
900 5.0055 46587 64,2628 440014
1000 4.0888 51588 64. 7620 44,6183
1100 4.0638 6584 65, 2625 45.0945
1200 4.0864 8.8576 85,7817 45, 5288
1800 4.9864 6564 66,2605 45,9281
1400 4.0838 7.1548 66,7590 48.2075
1500 4.981¢ 7.6532 67.2578 46,8413
i 1600 49805 8. 1518 67.76564 46.9628
1700 4.9702 6493 47.2645
1800 4.9784 9.1471 68. 7512 47.5482
1800 % n . 5450 69. 2491 47.8184
2000 £ 9776 10,1427 69,7168 48,0737
2100 4 9778 10. 6405 48,3166
2200 497 11,1383 70,7424 185481
2300 49706 118362 712408 487608
2400 4.6812 12,1348 TLT384 48.9814
2500 4.9834 12. 6325 72,2868 11848
2600 4.9862 13,1810 72,7351 8803
2700 4 R7T 13.6208 73.2239 49. 5686
2800 49935 14,1259 73.7380 49,7301
2600 4. 9988 14, 6285 4. 2326 10 0284
< 3000 5.0041 15,1287 74,7528 30. 0950
3100 5.0102 15, 6264 75. 2336 50. 2692
3200 50170 16. 1307 75, 7348 50.418%
3300 50245 18. 6328 76,2865 50.5728
3400 5.0325 17,1357 76.7898 80.7229
3500 50411 17.6393 T7.2484 50. 8630
3600 50502 18.1480 77. 7480 51.0111
8700 5.0599 18. 6404 8. 2535 511496
3800 5.0700 19. 1559 78. 7600 51,2846
3000 . 5.0805 19,6834 78, 2675 51.4165
4000 5.0914 20.1720 79.7761

4100 51028 20,8817 80. 2858 5L 6711
4200 51140 21,1025 | 80.7866 5L 7542
4300 5.1257 217045 81,3086 5L.0147
4400 22, 07T 8L 8218 0326
4300 5.1405 22,7320 52,1452
1600 5.1616 23.2476 §2.8517 52,2615
4700 5.1738 28 7844 3. 3685 52370
4800 5.1860 28924 93,8885 52,4817
4000 5.1981 248016 84. 4057 525388
5000 5.2102 25. 3220 810261 52,6030
5100 59293 25,8436 854477 52,7072
5200 52344 26.3664 85. 9705 52 8038
5300 52464 26,8006 86. 52, 0036
5400 52583 27.4157 87. 0168 . £3.0968
5500 5.2701 . 87,5462 53.1933
5600 52818 28, 4607 88.0738 53. 2884
5700 52923 28, 0085 88, 6026 53.33:
5800 5.8047 29, 5984 80,1325 53.4742
5900 53159 300504 80. 6638 53,5610
8000 5.8270 0. 5016 90. 1657 538541
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TABLE XLIV—THERMODYNAMIC PROPERTIES OF O, (GAS)

[Molecular weight, 32.0000]
{ 5T/ a —3T (¢
Hg— : L Pl e S
r G LR HE = AH® ‘( RT) 700 (T+b) N #log K=y55 (T'*“)
O (aer)| o) | (mo6) |Gem)| FT -t
mole °K mole mole mole °K a b e 4
[+ I ] P T SRR IR JEUI SRS [ S I

208.18 7.021 20747 4,1109 1960. 6835 80. 6182 -

300 7.028 2.0876 4.1238 198.4605 _ 0867

400 7.108 2. 7977 4. 8330 149. 2019 5100

500 7.431 3. 5288 5. 5650 119. 7013 45. 5311

800 7.670 4, 2841 6. 3203 9. 0660 36. 8580

700 7.883 5. 0420 7.0082 85.8510 30. 6409

800 8. 068 5. 8506 7.8058 75, 2496 25. 9854

900 8.212 6. 6737 8. 7009 66. 9087 22. 3516
1000 8.336 7. 5012 9. 5374 60. 3812 1¢. 4400
1100 8.439 8.3400 10, 3762 38, 9083 54. 0654 17,0848 2370 015650
1200 8.527 9.1883 11. 2245 50. 7364 50, 4479 15, 0640 2178 . 01322
1300 8.604 10. 0448 12.0810 60. 4220 46. 6219 13.3777 2009 Q1200
1400 8.674 10. 9087 12, 9449 61. 0622 3306 11,9307 1867 . 01083
1500 8.738 11,7763 13. 8158 61. 6628 40. 4926 10. 6752 1744 .00900_
1600 8.800 12.8562 . 14.6024 62. 2287 37. 0008 9. 5756 1637 0. 00828
1760 8.858 13. 5301 15. 8758 62. 7640 36. 7976 8. 6044 1542 . 00743
1800 8.016 14,4278 16. 4640 63, 2710 33.8787 7.7403 1458 . 00643
1900 8.978 18. 3223 17, 8585 a3. 7555 32. 0845 6. 0665 1383 .00550
2000 8. 028 16. 2224 . 2586 64,2172 30. 5043 8. 2605 1318 . 00481
2100 9.084 17.1280 19,1642 84. 6580 20. 0738 5. 6384 1253 0. 00455
2200 9,189 18. 0392 20. 0754 65. 0820 27.7711 5. 0843 1197 . 00407
2300 9.104 18. 9558 . 8920 65, 4004 26. 5809 4, 5398 1146 . 00370
2400 9.248 10.8779 21,9141 65. 8828 25. 4880 4, 0586 1099 - 00330
2500 0.301 20.8054 . 22,8416 64. 2614 24. 4838 3. 6187 10586 00205
2600 0.354 21. 7881 28. 7748 66.6272 23. 5540 8. 2066 1018 0. 00260
2700 8.405 22.6761 24.7123 60. 8812 22,6828 2.8277 980 . 00210
2800 9.455 28. 6191 25. 6553 67. 8241 21,8022 2.4756 5 . 00204
2000 0. 503 3 26. 6032 67. 6568 21. 1462 2.1477 913 . 00187
3000 9. 551 25. 5197 27. 5559 67.9797 20. 4494 1.8415 883 00166
8100 9. 5% 26. 4770 28, 5132 68. 2036 19, 7069 1. 5550 855 0. 00181
3200 9.640 . 4388 29, 4750 68. 5090 10. 1846 1. 2862 82¢ . 00120
3300 9.682 28. 4049 . 4411 68, 8063 18. 6091 1.0337 804 .00123
3400 0728 . 37582 314114 60. 1850 18.0670 . 7060 781 00106
3500 9.762 30. 3404 69. 1683 17. 5656 - 5718 759 . 00097
3600 0.700 818275 33. 3487 60. 7430 17. 0728 0. 3600 739 0. 00077
3700 9.836 3002 84. 3454 70,0128 16. 6148 . 1585 719 . 00060
3800 0.869 . 38. 2044 35. 8306 70. 2756 16. 1813 — 0304 700 . 00071
3900 9.801 - 2829 36. 8161 70. 5328 15.7698 — 2106 682 . 00070
4000 9.932 35, 2745 37,3107 70.7834 15.3788 —.-3818 (i3] . 00070
4100 9. 960 36. 2801 38. 3058 71. 0280 15. 0067 —0. 5447 840 0, 00068
4200 9.087 37. 2645 30.3027 71,2698 14, - 6999 634 . 00058
4300 10.013 38. 2485 40. 3027 71, 5046 14. 8144 -. 8479 819 . 00062
4400 10. 087 89. 2600 41, 3082 71, 7851 18. 9918 —. 9802 ()] - 00043
4500 10. 060 40, 2738 42,3100 71. 9608 18. 68385 ~1.1243 592 . 00050

10. 081 41, 2800 43.3171 72.1822 13. —1.23536 579 0. 00051

4700 10. 103 42, 2001 44,3263 72. 3908 13.1084 —1.8772 567 . 00048
4800 10.121 43.3013 45. 3375 T2.8122 12.8360 —1.4088 555 - 00053
4600 10. 139 44,3143 46. 3506 8210 12 5760 -1. 6036 543 . 00000
5000 10. 156 45. 3290 47. 3452 78. 0281 12,8277 —1.7188 533 . 00048
5100 10.172 48. 8454 48. 3816 . 2278 12. 0886 ~1.8238 522 (. 00063
8200 10. 187 47, 3634 49, 3906 73. 4250 11.8588 —10248 512 . 00060
5300 10. 201 48, 3828 50. 419 73. 6192 11.6378 -2 0220 502 . 00084
5400 10. 218 49, 4036 S1. 4308 78.8100 11. 4251, —2.1158 493 00056
5600 10. 228 50. 4257 52. 4619 78. 9975 11. 2201 -2 2058 484 . 60087
5800 10. 239 51. 4490 58. 4858 74.1819 11. 0226 —2. 2028 478 0. 00067
5700 10, 250 52,4735 4. 5007 74. 10.8322 —2.3768 4686 . 000768
5800 10. 261 53. 4001 55. 5853 74. 5416 10. 6483 —2. 4679 458 . 00077
5900 10. 270 b4. 3286 56. 5618 74.7171 10. 4709 —2. 5363 450 . 00080
6000 10, 279 55. 55681 . 57,5898 74 10, 2005 —2. 6121 [ ————————
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TABLE XLV—THERMODYNAMIC PROPERTIES OF OH (GAS) _ "

[AMdolecular welght, 17.008]
5T 5T/ =
cs Hy—H B ( = ( ) -—_( c )
T ’ 43 £ ae \"rF) W \7H .| TR\ T
© | (Gmx) | (@) | Gow) |Ge=)| T s
maole °K mole mole mole °K a ¢ d
0 | ;e 0 7%/ ( S N S SN IR MR SV PSR
208.16 7.141 2. 1062 46.8328 48.888 170, 7827 89.36877
300 7.138 2. 1225 40.8491 43. 984 3 68. 9110
400 7.074 2.8298 47. 5562 45.978 127, €816 504588 | oe—amam b e
500 T.048 3.5350 48,2616 47.558 102. 4572 L 3522
600 7.053 42408 48.967¢ 48. 840 85. 8303 3L 6260 —
00 7.087 4. 8469 490.6735 49. 627 73.6091 28. 6057 RSV
800 7.150 3350 60.877 64. 5888 22,6043
800 .23 8.8774¢ S§1.1040 51.723 7. 5682 19.483%
1000 7.333 7.1060 51.8328 52,4910 8L 188801 2227 0. 02885
100 7. 440 7.8448 82,5712 53. 1949 47. 418 14. 9267 2029 0.02457
1200 7.551 53. 3208 53. 8470 43. 5oL 13.2113 1883 02172 -
1300 7.663 9. 8546 54,0815 54 4559 40. 2448 11.75865 1723 .01909 =
1400 ' 7.772 10. 1288 58.0278 37.4506 10. 5087 1603 .01878 -
1300 7.86 10. 9090 55.683568 66. 6876 350262 0. 4218 1498 . 01535
1600 7978 11. 7014 56. 4280 56.0788 32,8008 8. 4697 14407 0. 01355
1700 8.066 12, 5033 57. 2200 56. 850 3Laa7 7.6283 1327 .01168
1800 c 8152 13.3142 G408 57.0285 20,3406 6.8703 1256 [1){1r8 .
1000 8.23 14 1335 53.8601 57.4714 27.8513 6.2079 119¢ 01020 -
2000 8.308 14. 9605 50. 6871 57,8956 26. 5009 §. 6027 1133 . .
2100 8.378 15, 7548 60. 5214 58. 3027 25. 2174 5. 0842 1080 0. 00839 )
2260 8. 18. 6359 61. 3625 58. 8639 24. 1635 £ 5340 1032 .00790
2300 8. 504 17.4832 62. 2098 690705 23.1452 4.0083 89 . 00702 —
2400 8, 561 18. 3365 68. 0831 §0.4337 22.2106 3.6702 o9 .00650
2500 8.614 10. 1952 63. 9218 59. 7842 21,3485 3.203L 912 -
2600 8. 663 20. 0501 64, 7857 60. 1230 20.5638 29363 878 0. 00581
2700 8.710 20, 85.6543 60. 4508 19.8182 2 6055 848 . 00548
2800 8.756 218010 €8. 5278 60. 768+ 2 2.2979 817 . 00488
. 2000 8.768 22,6786 67.4052 610764 18,4915 2.0118 790 . 00457 el
3000 8.838 23 68.2870 61.3753 178044 17434 T64 . 00435
3100 8877 24. 4462 69. 1728 61. 6558 17.3358 L4028 ™0 0.00415
3200 8.013 25.3357 70.0623 6L 0482 16.8107 1.2572 718 00372 -
3300 8 840 26. 2258 70. 6554 62 2230 16.317¢ 1.0350 897 . 00360
3400 8.982 27.1253 71.8519 62. 4006 15.8527 .8273 817 - 00327
3500 $.015 2 72.7518 62,7513 15.4142 . 6306 650 . 00304
3600 9. (47 28, 9283 - ] a3. 0059 14. 9098 0. 4145 641 0.00236
3700 . 8.07¢ 20,8345 T4 56811 @8. 2542 14. 6075 .2684 624 . 00278
3800 8. 107 | 80.7437 75.4708 63. 4968 14. 2355 1014 608 00270
3600 135 31. 6588 76.3824 63. 7338 13.8824 —-. 052 583 - 00255 _
4000 6.162 32, 5706 Tr.2872 43.9652 18. 5468 —. 2080 579 . (00238 )
4100 8.189 83,4882 78.2148 64.1917 13.2273 —{. 3518 568 0.00228 N
£200 25 34. 4084 79.1360 4. £135 12,9228 —. 4884 552 . 00223
4300 9. 241 35.3812 80.05:8 64. 6306 12, —. 8180 538 -
400 0.266 88. 2565 80. 8881 648134 12 859 —. 7437 528 00107
4500 T 6200 37.1843 81. 9100 68, 0518 12. 0897 —. 8630 61T 00181
4800 9.314 88.1145 82.8411 685. 2563 11.8358 —0.4772 508 0.00174
4700 5.338 38. 0471 83.7787 64. 4509 11. 5627 —L.08868 495 00178
4800 9.382 84 7087 a5. 8537 113385 —~1.1915 485 00172 '_'
4900 0,384 40. 9194 83. 6460 65.8470 11,1358 —1.2922 476 . 00180 -
5000 9.406 41. 8589 84. 5835 86. 0368 10. 9200 —1.3390 458 .00183 o
5100 8.427 42, 8006 87.5272 66.2283 10. 7148 —L 4820 458 0.00152
5200 9.448 43, 7443 4700 @6. 4065 10. 5156 —1.5718 449 . 00148 —
5300 0.469 44, 6902 89.4168 66. 5867 10. 8244 —1.6678 440 .00162
5400 0.489 45,6381 00. 3847 6. 7639 10. 1401 -1 7408 - 4383 Q0187
3500 9. 59 48. 5880 9L 3148 66. 9352 9. 9624 —1.8200 425 00141
5600 9. 528 £7.5399 92. 2685 67.1097 9.7810 —1.8082 418 £ 0.00127
&700 0. 548 63. 2208 96256 —1.0728 411 .00124
5800 9. 567 49. 4495 4. 1781 67. 4447 0.4858 —2.0449 404 00123
5900 0.585 50,4071 05,1337 87.6084 9.8113 —2 1146 367 .00123 -
6000 9.603 51. 3685 06. 0931 a7.7887 —2.1820




